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INTRODUCTION 
Purpose 
This investigation presents a study of the stratigraphy, 
geomorphology, and structural geology of the Greybull North 
Quadrangle, Wyoming. A geologic map, four cross-sections, 
and several graphic sections have been prepared to further 
emphasize the stratigraphic and structural relationships of 
the formations exposed in the study area. 
The quadrangle contains the south nose of Sheep Mountain 
Anticline, which is part of a classic example of a doubly 
plunging asymmetrical anticline that rises 900 feet above the 
surrounding level of the Bighorn Basin and extends fora 
distance of 12 and one half miles with a maximum width of 
three and one half miles (Fig. 1). It is the hope of the 
writer that this report will serve as a foundation for the 
establishment of Sheep Mountain anticline as a national 
monument. 
Location and Physiography 
The Greybull North Quadrangle is situated on the eastern 
flank of the Bighorn Basin which is located in the Middle 
Rocky Mountain physiographic province (Fenneman, 1931). This 
province consists primarily of complex anticlinal mountains 
and intermontane basins. The basin is an asymmetrical 
2 
Fig. 1. Photographs of the Greybull North Quadrangle 
a. View north along the axial trace of Sheep 
Mountain anticline. 
b. East flank of Sheep Mountain anticline: 
note the joints in the Sundance Formation. 
c. View southeast of Sheep Mountain anticline; 
note the devitrified tuff in the Cloverly 
Formation and the Muddy Sandstone in the 
background. 
d. Aerial view of the small syncline to the 
east of Sheep Mountain. 
e. Terrace-preserved concretion-bearing 
Meeteetse Formation in the southwest portion 
of the quadrangle. 
f. View of Emblem Bench in the Dry Creek area. 
3 
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structural depression which was filled with Tertiary fluvial 
and lacustrine deposits during and following the Laramide 
Orogeny. It was subsequently reexcavated to its present day 
lowland form. Structurally, it represents an elliptical 
depression surrounded by mountain ranges of the Middle Rockies 
(Fig. 2). Its structural axis trends approximately northwest-
southeast and parallels the present basin margins. The Big-
horn Basin is bounded by the Pryor, Big Horn, and the OWl 
Creek Mountains to the northeast, east and south respectively, 
and the Absaroka Range and the Beartooth Mountains to the west. 
The Greybull North Quadrangle is located in the central 
portion of Big Horn County, Wyoming. It covers an area of 
approximately 53 square miles which encompasses portions of 
three townships: T.52 N., T.43 N., and T.54 N. (Fig. 3). 
The area is readily accessible by several roads. U.S. 
Highway 14 passes through Greybull, located in the extreme 
south-central portion of the quadrangle. Several improved 
county and private roads traverse the south nose and the east 
flank of Sheep Mountain anticline. Passable jeep trails lead 
up to and along the crest of the structure. 
The climate is arid with less than 10 inches of precipi-
tation annually. Vegetation such as sagebrush, saltbrush, 
and greasewood is common, with cottonwoods and willows present 
along the perennial streams (Kucher, 1964). 
5 
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Methods of Investigation 
The field investigations, which are the basis for this 
report, were conducted from June through August of 1975. A 
U.S. Geological Survey 7.5 minute series topographic map, 
with a contour interval of 20 feet, was used as the base map 
on which the geologic data was plotted (Fig. 3). Some mapping 
in the Greybull North Quadrangle was done on Commodity 
Stabilization aerial photographs at a scale of 1:20,000. The 
geology was then transferred by hand to the topographic map. 
Each exposed formation was measured by the use of the 
Brunton compass, .tape, and Jacob's staff, and briefly 
described (Compton, 1962). Carbonate and sandstone units 
were sampled in the field to provide more complete descrip-
tions in the laboratory. 
Several pebble counts were undertaken to determine the 
lithologic composition of the various Quaternary terraces. 
An 18 inch by 18 inch square was randomly selected, with 100 
clasts greater than one inch in diameter counted at each 
station. With this data, the identity of the streams that 
formed the Quaternary terraces was de·termined. 
8 
Fig. 3. Geologic map of the Greybull North Quadrangle 

10 
PREVIOUS WORK 
Preliminary physiographic and geologic mapping of the 
western territories was undertaken by the U.S. Geological 
Survey in the late nineteenth century. Reconnaissance survey-
ing by Hayden in the 1870's produced the first topographic 
map of the Bighorn Basin and provided a base for the first 
geologic map (Eldridge, 1894). Darton (1904, 1906) established 
many of the stratigraphic units in the vicinity of the Big Horn 
Mountains and correlated them to equivalent units in the Rocky 
Mountain Front Range and the Black Hills. 
Subsequently, many investigations have been published on 
the stratigraphy and physiography of the Bighorn Basin. De-
tailed studies led Lupton and Condit (1916) and Condit (1916) 
to postulate a transitional marine-restricted marine origin 
for the Embar (Phosphoria) and the Chugwater (Red Peak) forma-
tions at Sheep Mountain. A complete section of the Cloverly 
Formation, situated five miles northeast of Greybull, Wyoming, 
was described and correlated to the Dakota Formation of 
Colorado by Lee (1927). At the same time, Brainerd and Keyte 
(1927) published brief descriptions of the Madison, Amsden, 
and Tensleep formations on the west flank of Sheep Mountain, 
Which Branson (1939) later redescribed. Many of the Quaternary 
features, which Mackin (1936, 1937) examined in great detail, 
subsequently appeared on the physiographic and terrace map 
11 
published by Andrews et ale (1947) and the revised edition of 
the geologic map of Wyoming (Love et al., 1955). 
More recently, Rioux (1958) studied the geology of the 
Spence-Kane area, which contains most of the Greybull North 
Quadrangle. Several of the formations in the area have been 
investigated by Moberly (1960), Eicher (1960, 1962), Goodell 
(1962), and Gorman (1963) with more detailed examinations of 
the Phosphoria, Frontier, and Sundance formations conducted 
by DeKoster (1960), Stensland (1965), and Stone (1967b), 
respectively. 
In a preliminary tectonic study at Sheep Mountain, 
Johnson et ale (1965) related the fracture pattern to the 
compressional forces of Laramide deformation. This led to a 
more detailed investigation of the tectonic relationship of 
the clastic dikes at Sheep Mountain (Warner, 1968). 
Fisher (1906) presented the first comprehensive review 
of the economic resources in the Bighorn Basin, which served 
as the basis for further investigations. Washburne (1907) 
reported a natural gas discovery in the Cloverly Formation 
near "Gray Bull," Wyoming. In 1917, Hewett and Lupton 
assessed the petroleum potential of the anticlines within the 
basin, and stated that Sheep Mountain anticiine displayed 
little promise as a potential petroleum reservoir. 
12 
REGIONAL GEOLOGICAL SETTING 
The Greybull North Quadrangle is located along the 
eastern margin of the Bighorn Basin, which is an elliptical 
structural depression formed during the Laramide Orogeny. 
However, during the Paleozoic and much of the Mesozoic, the 
area was part of a broad cratonic platform located just east 
of the Cordilleran miogeosyncline. Thorn et ale (1934), 
Fanshawe (1939, 1971), and Warner (1968) have suggested that 
the area was deformed by a north-northeast and south-southwest 
directed regional compression. Excellent reviews of the 
regional geologic setting have been presented by Thomas (1965) 
and Stone (1967a). 
Nearly all of the Paleozoic is represented by repeated 
transgressive and regressive cycles separated by important 
erosional intervals. The middle Cambrian Flathead Sandstone 
and the interbedded shale, limestone, and sandstone of the 
middle Cambrian Gros Ventre and Gallatin formations, which 
o 
constitutes the Sauk Sequence (Sloss, 1963), document the 
initial eastward marine transgression over the eroded Pre-
cambrian granitic basement complex. Western Wyoming was 
emergent during the early Ordovician, but the sea returned 
as recognized by the presence of the Bighorn Dolomite, which 
@ 
composes the Tippecanoe Sequence (Sloss, 1963). Thomas (1965) 
postulated that the Williston Basin in northeast Montana 
subsided, causing ~he northward tilting of northwest Wyoming 
13 
and the southward thinning of the Bighorn Dolomite. No 
Silurian deposits occur in Wyoming, implying that the area 
was emergent after the deposition of Ordovician sediments. 
Further subsidence in the Cordilleran geosyncline resulted in 
the continued northward tilting of northwest Wyoming, as 
evidenced by the southward thinning of the Devonian Duperow 
Formation. The Kaskaskia Sequence, represented by the early 
Mississippian Madison Limestone, accumulated unconformably 
upon the Devonian sediments (Sloss, 1963). 
During the early Pennsylvanian, northwest Wyoming became 
positive, but later the sediments of the Amsden and Tensleep 
formations accumulated as the geosyncline subsided in the 
Utah-Idaho area. Thomas (1965) and Fanshawe (1971) have sug-
gested that local compression created the uplifting of several 
broad arches which were subsequently breached by pre-Permian 
stream erosion. 
The deposition of the middle Permian Phosphoria Formation 
occurred during a series of east-west sea fluctuations. With 
regional southwest tilting during the early Triassic, the 
restricted marine sediments of the Dinwoody Formation and the 
Chugwater Group also thickened southward. 
Northwest Wyoming became emergent during the early 
Jurassic,but the middle Jurassic sea returned and deposited 
the restricted marine Gypsum Springs Formation. The exposures 
of the Amsden through the Gypsum Springs constitute the 
14 
Absaroka Sequence (Sloss, 1963). The overlying marine sedi-
ments of the middle Jurassic Sundance Formation define the 
base of the Zuni Sequence (Sloss, 1963). Thomas (1965) sug-
gested that the Casper Arch, a low relief structural high, 
first became apparent in northwest Wyoming during the Jurassic. 
With subsequent emergence, the nonmarine Morrison of late 
Jurassic age and the early Cretaceous Cloverly formations were 
deposited upon the eroded Sundance. 
Renewed transgression from the northeast resulted in the 
deposition of the shallow marine Sykes Mountain Formation and 
the deeper water Thermopolis Shale on the Cloverly. The 
overlying Muddy Sandstone represented a minor regression, 
while the Shell Creek Shale and the Mowry Shale delineated a 
readvancement of the early Cretaceous sea. 
Westerly derived pre-Laramide sediments of the Frontier 
Formation are indicative of continuous marine deposition into 
the late Cretaceous. Thomas (1965) has suggested that the 
depositional pattern of the Peay Sandstone Member represents 
the early marginal development of the Bighorn Basin. With 
continued sedimentation, the basin subsided and the deeper 
water Cody Shale accumulated. As the Laramide Orogeny 
intensified, sea level fluctuations during an eastward regres-
sion resulted in the" deposition of the interfingering marine 
and nonmarine sediments of the Mesaverde Formation and the 
paludal sediments of the overlying Meeteetse Formation. By 
15 
latest Cretaceous time, the sea had completely retreated, 
leaving only the fresh and brackish water environments of the 
Lance Formation. 
The impact of Laramide deformation became quite obvious 
during the early Paleocene, with the initiation of folding 
and the deposition o~ the Fort Union Formation, which marks 
the top of the Zuni Sequence (Sloss, 1963), in a large paludal 
environment (Love et al., 1963). By late Pliocene, all the 
major mountains, except for the northern Tetons were in out-
line form (Alpha and Fanshawe, 1954). 
Intensified uplift and basin development continued into 
the Early Eocene, producing the present-day shape of the Big-
horn Basin (Love, 1970). The nonmarine fine-grained clastic 
sediments of the Willwood Formation were unconformably depos-
ited on the Fort Union and define the base of the Tejas 
Sequence, which includes all cratonic sedimentary and volcanic 
rocks of younger age (Sloss, 1963). 
McGrew (1971) has concluded that during the middle Eocene, 
extensive volcanism had occurred in the Absaroka Range, the 
Rattlesnake Mountains, and the Black Hills. However, in the 
Bighorn Basin, the Tatman Formation was deposited in an 
extensive lake formed by westward tilting. This tilting along 
with decollements"which moved large Paleozoic rock blocks 
basinward relative to the Absarokas and the Beartooths, marked 
the reduction in the intensity of the Laramide deformation •. 
16 
During the late Eocene, the volcanic activity increased 
in the Absaroka Range and the Yellowstone area, however, 
Laramide deformation had nearly ceased (Fanshawe, 1971). A 
major eastward drainage pattern was responsible for 
the accumulation of thick 01igiocene, Miocene, and Pliocene 
sediments accompanied by volcanic activity. According to Van 
Houten (1952) these interbedded clastic sediments and volcanic 
debris almost completely filled the Bighorn Basin to an eleva-
tion of approximately 9,000 feet above sea level. 
During the late Pliocene and early Pleistocene, the up-
lift of the Tetons produced extensive folding, faulting, and 
the extensive reexcavation of the Bighorn Basin (Horberg and 
Nelson, 1949; Love et a1., 1963). This scouring along with 
glaciation and Pleistocene sedimentation has created the 
present-day setting. 
17 
GEOMORPHOLOGY 
Introduction 
The geomorphic features of the Greybull North Quadrangle 
have been produced by the fluvial erosion of the Bighorn Basin 
during the Cenozoic Era. Much of the geomorphic knowledge of 
the basin has been contributed by the detailed studies of 
Mackin (1935, 1936, 1937, 1947). Other workers such as Pierce 
and Andrews (1941) dated the Cody terrace in relation to a 
glacial terminal moraine of Wisconsin age. Detailed studies 
by Andrews et ale (1947) led to the recognition of eight dif-
ferent terrace levels along the Big Horn River. Recently, 
Ritter (1967, 1975) and Moss (1974) have reexamined Mackin's 
study of the origin, correlation, and dating of the Shoshone 
River terraces. As previously discussed, the Bighorn Basin 
was subjected to Laramide deformation from late Cretaceous 
until early Eocene. Based upon post-Eocene remnants located 
high on the mountain flanks in the southern Bighorn Basin, 
Van Houten (1952) proposed middle Eocene to late Pliocene 
deposition in the basin to an elevation of approximately 9000 
feet. These remnants delineated a stream-cut pediment that 
Mackin (19~7) termed the "subsummit" surface which formed 
prior to the late Pliocene-early Pleistocene Teton uplift to 
the northwest (Love, 1960). Subsequent fluvial degradation 
removed most of the Tertiary sediments, allowing for stream 
superimposition across the resistant Laramide structures. 
18 
The drainage within the study area has been subjected to 
a complex sequence of events, the products of which constitute 
a complicated geomorphic history. The Big Horn River, which 
flows north across the Bighorn Basin from the Owl Creek 
Mountains, is the major trunk stream in the st~dy area (Fig. 
2). Its tributaries include Shell Creek, Bear Creek, and Dry 
Bear Creek, which rise from the Big Horn Mountains to the east 
and Dry Creek and Little Dry Creek which drain the Tertiary 
formations in the central portion of the basin. Other impor-
tant tributaries outside the study area include the Greybull 
River, which flows east from the Absaroka Range, and enters 
the Big Horn River two miles south of Greybull, Wyoming, and 
the Nowood River which originates in the Big Horn Mountains 
and joins the Big Horn River near Manderson, Wyoming. 
Topographic Features 
Fluvial erosion in the Greybull North Quadrangle has pro-
duced several distinctive features. Ephemeral streams have 
produced an annular drainage pattern at Sheep Mountain. It is 
a combination of parallel drainage as displayed on the dip 
slopes of the Phosphoria carbonates, .radial drainage as devel-
oped on the dip slopes and in the strike valleys of the Gypsum 
Springs, Sundance, Morrison, and Sykes Mountain formations 
along the south nose of Sheep Mountain, and trellis drainage 
as formed within the less resistant units along the flanks of 
Sheep Mountain. Strike valleys, .such as those within the Red 
19 
Peak Formation to the east of Sheep Mountain, are common. 
Ephemeral streams have produced inversions of topography 
where less resistant rock units have been preserved by a thin 
veneer of terrace gravels. Examples are common in the upper 
Cretaceous formations of the study area. 
Sheep Mountain forms a topographic high due to the 
resistant nature of the Madison Limestone and the overlying 
Tensleep and Phosphoria formations which are exposed along 
its axis. Fluvial erosion has removed portions of the less 
resistant overlying formations, exposing "tear-shaped" inliers 
of the Madison, Amsden, and Tensleep formations (Fig. 4a). 
Along the south nose, Gypsum Springs and Sundance outliers 
have been isolated by similar processes (Fig. 4b). Prominent 
triangular-shaped Tensleep and Phosphoria "flatirons" charac-
terize the flanks of Sheep Mountain (Fig. 4c). 
Several prominent hogbacks are upheld by resistant beds 
within the Gypsum Springs, Sundance, and Sykes Mountain forma-
tions on the east flank, while the Mowry, Frontier, Mesaverde, 
Meeteetse, and Lance hogbacks typify the west flank of Sheep 
Mountain. The pronounced Mowry Shale ridge in the eastern 
part of the area is an excellent example of a cuesta. These 
ridges are composed of resistant sandstones and limestones 
whose continuity is often broken by water gaps. Their dip 
slopes represent stripped surfaces such as the pronounced 
Frontier dip slope of the MOwry cuesta (Fig. 4d). 
20 
Terrace Sequences 
Terrace remnants occur at heights up to 300 feet above 
the present-day Big Horn River. Five major sequences have 
been differentiated and mapped along the Big Horn River. These 
were based upon the presence of a minimal gravel thickness of 
10 feet (Fig. 4e) and their bench-like, topographic shape. 
They were also correlated by their height above the Big Horn 
River, lithology, and degree of dissection. 
The Qto sequence represents the present Big Horn River 
floodplain and is designated as Quaternary alluvium (Qal). 
The lowest sequence, Qtl , is composed of five levels ranging 
from 10 to 90 feet above the river, while at 110 feet, Emblem 
Bench marks the Qt2 sequence (Fig. If). The Qt3 sequence is 
160 feet above the river, while Qt4 contains two levels that 
extend from 200 to 220 feet. At a height of 300 feet, QtS is 
defined as the highest terrace sequence (Fig. Sb). Many 
smaller terrace remnants have been mapped and are considered 
minor levels within the five major terrace sequences. 
Terraces also parallel the larger tributaries of the Big 
Horn River. The Greybull River is represented by Emblem Bench, 
which is the former channel of the ancient Greybull River 
(Mackin, 1936). The Qtl , Qt2 , and Qt4 sequences of the Big 
Horn River have been correlated to terrace remnants along 
Shell Creek (Fig. Sa). 
21 
Fig. 4. Photographs of the geomorphic features in the 
Greybull North Quadrangle 
a. Tensleep inlier on the east flank of Sheep 
Mountain; note the normal fault in the 
Phosphoria Formation. 
b. Gypsum Springs outliers on the south nose 
of Sheep Mountain. 
c. Tensleep and Phosphoria flatirons on the 
east flank of Sheep Mountain; note Madison 
and Amsden inliers in the foreground. 
d. Alluvial fan at the base of the Mowry on the 
east flank of Sheep Mountain; note the 
stripped surface on the Frontier dip slope. 
e. Angular unconformity between the Lance and 
Fort Union formations; note the QtS terrace 
level and its approximate thickness of 
20 feet. 
f. Colluvium along the east flank of Sheep 
Mountain; note ant hills in the Bear Creek 
alluvium. 
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Terrace remnants along Bear Creek (Q~c) and Dry Bear 
Creek (Qtdbc)' located in the northeast portion of the quad-
rangle, display several distinctive levels. Those terraces 
representing ancestral Bear Creek prior to stream capture have 
been differentiated (Qtb ), but no suitable method exists for ca 
the precise correlation of these terraces with the Big Horn 
River terraces. 
Surficial Deposits 
Pleistocene terrace deposits 
The Big Horn River terraces are capped by a 10 to 20 foot 
veneer of well-rounded pebbles, cobbles, and boulders which 
overlies a stream-beveled bedrock surface. The terraces to 
the west of the Big Horn River agree with Mackin's (1937) 
hypothesis of the eastward migration of the Big Horn River. 
One terrace remnant exists on the east side of the Big Horn 
River at a height of 80 feet above the river. 
Several clast counts were conducted on the terrace 
gravels of different origin in order to determine their 
lithologies. One hundred clasts with diameters of greater 
than two inches were randomly selected and classified at each 
station. The average composition of the Big Horn River ter-
race gravel is 46 percent carbonate clasts, 36 percent 
andesite clasts, 15 percent granite clasts, and three 
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percent miscellaneous clasts such as Condonophycus austini and 
petrified wood (Appendix). 
The gravel capping Emblem Bench is similar in thickness 
to that of the Big Horn River. Emblem Bench exists at a 
height of 110 feet above the river and extends 70 miles west 
to the base of the Absaroka Range. The gravel veneer'consists 
of 78 percent andesite clasts, 13 percent quartzite clasts, 
six percent chert clasts, and three percent miscellaneous 
clasts similar to those previously discussed. This composi-
tion reflects clasts predominantly from the Greybull River 
with the remainder attributed to the Big Horn River. 
The Bear Creek terrace gravels, which are located in the 
northwest portion of the area, are approximately two feet 
thick and usually mantled by a thin veneer of coluvium. They 
are composed of 70 percent carbonate clasts, 15 percent chert 
clasts, seven percent sandstone clasts, five percent granite 
clasts, and three percent miscellaneous clasts. Their compo-
sition is lithologically similar to the Shell Creek gravel, 
which is composed of an average of 70 percent carbonate clasts, 
15 percent chert clasts, seven percent sandstone clasts, five 
percent granite clasts, and three percent miscellaneous clasts 
(Appendix). The carbonate clasts are of Bighorn Dolomite 
origin, whereas the Shell Creek carbonate clasts are derived 
primarily from the Madison Limestone. 
Several small Dry Bear Creek terrace remnants exist in 
the extreme northern part of the quadrangle. These remnants 
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are composed of an average of 86 percent carbonate clasts, 
five percent chert clasts, four percent sandstone clasts, thr 
three percent granite clasts, and two percent miscellaneous 
clasts. 
Holocene alluvial deposits 
The detrital Holocene sediments consist of alluvium (Qal) 
located adjacent to the streams and rivers, which are litho-
logically similar to the Pleistocene terrace gravel, and 
alluvial fans (Qf) which exist at the mouths of several 
tributary streams. The alluvium is approximately 20 to 30 
feet thick along the Big Horn River (Mackin, 1937), and less 
for streams of smaller magnitudes. Seismic data indicates a 
westward thinning of the Shell Creek alluvium from 45 feet at 
Shell, Wyoming, downstream to 20 feet at the Big Horn River 
(R. C. Palmquist and L. V. A. Sendlein, Iowa State University, 
unpublished data, 1976). 
Most of the alluvial fans are easily identified both in 
the field and on aerial photographs by their fan-shape form. 
The largest fan is located at the base of the cuesta upheld 
by the Mowry Shale in the SE~ Sec. 10, T.53N., R.93 W. Due 
to the degree of dissection, it is possibly the oldest fan in 
the study area (Fig. 4d). The fans are composed of poorly 
sorted detritus derived from the adjacent uplands. 
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Lag gravel deposits 
Portions of the study area are masked by lag gravel (QtL) 
which are reworked products of gulley erosion. Their thick-
ness.varies from one to six feet. 
Such a deposit exists along Bear Creek in the SE~ Sec. 3, 
T.53N., R.93 W., where the gravel has been redeposited at the 
base of the Frontier dip slope. The thickness of the lag 
gravel increases in a downslope direction, whereas its eleva-
tion remains constant in contrast to the downstream decrease 
in elevation of the modern Bear Creek valley floor. 
Other gravel deposits isolated from modern streams are 
classified as lag gravel (QtL), regardless of evidence for 
reworking. Often these deposits accumulate at the base of 
dip slopes of resistant beds similar to those associated with 
the Sundance Formation along the east flank of Sheep Mountain. 
A weekly developed grain imbrication has implied deposition 
by a southwest flowing stream with clasts similar in composi-
tion to Shell Creek. 
Colluvial deposits 
Colluvium (Qc) blankets most of the bedrock along the 
east flank of Sheep Mountain (Fig. 4f). Many of the terraces 
are mantled by a thin veneer of colluvium generally less than 
10 feet thick. Por mapping purposes, a minimal thickness of 
10 feet was required. Most of the mappable colluvium occurs 
along the east flank of Sheep Mountain and consists of 
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angular carbonate fragments derived from the Phosphoria 
Formation and supported by a poorly sorted, silt matrix. 
Terrace Origins and Ages 
Mackin (1937) stated that all the terraces along the Big 
Horn River tributaries were products of lateral stream cor-
rosion during periods of stability. However, Moss (1974) 
described another distinctive terrace type other than Mackin's 
rock-cut or strath terraces; valley fill terraces, which are 
fashioned by aggradation and subsequent downcutting, leaving 
thick accumulations of gravel overlying an irregular bedrock 
surface. 
Based upon studies of the Shoshone River, Moss (1974) 
concluded that valley fill terraces are "paired terraces" 
because the remnants of the tops of the fills stand at the 
same height above the present stream. However, the strath 
terraces are considered "unpaired terraces" due to continuous 
lateral corrosion and downcutting. The latter is the only 
type of terrace present within the study area. 
Various authors have suggested different methods for 
fluvial downcutting. Mackin (1937) contended that all the 
strath terraces in the Bighorn Basin are produced by the inter-
action of minor basin-floor warping that could be pu1sationa1, 
decreases in declivities of the master streams, .and glaciation 
as related to climatic changes. Moss and Bonini (1961) used 
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seismic data along the Shoshone River near Cody, Wyoming, to 
identify an irregular bedrock surface overlain by a thick 
accumulation of gravel, indicating possible interruptions in 
the continuous downcutting by periods of aggradation. 
Aggradation of the stream valleys was also initiated by 
the influx of glaciofluvial gravel during glaciation, with 
subsequent downcutting during the interglacial periods. This 
process has produced the "paired terraces" (Cody and Powell 
sequences) along the Shoshone River (Moss and Bonini, 1961; 
Moss, 1974). Ritter (1967) supported the Moss and Bonini 
model, but proposed that valley filling could be initiated by 
stream capture as well as glaciation. Merrill (1970) and Moss 
(1974) believed that some of the larger terraces were possibly 
products of both upstream aggradation and downstream degrada-
tion, when the appropriate amounts of discharge and bedload 
were present. However, within the study area, the terraces 
are only products of degradation. 
Ritter (1967) proposed stream capture as another method 
of terrace formation. Terraces of such an origin are evident 
in the study area. In 1936, Mackin described the Greybull 
River capture, which displaced the mouth of the river two 
miles south of Emblem Bench. He concluded that the ancient 
Greybull River had a much steeper gradient than the capturing 
stream, which was directly related to the coarse nature of 
its andesite clast bedload. The capturing stream was an 
intermittent stream whose course flowed parallel to the main 
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stream and whose bedload consisted only of fine silt and sands 
derived from the adjacent Tertiary formations. Consequently, 
this headward-eroding stream easily cut a deep channel, 
creating ideal conditions for the Greybull River capture. 
Dry Creek, formly a minor tributary of the main stream, now 
occupies the abandoned Greybull River channel. 
A set of ancestral Bear Creek terraces (Qtb ) located ca 
in Sections 32 and 33, T.54N., R.93 W. imply stream capture 
since they do not parallel modern Bear Creek and occupy a to-
pographic low. They also occur at an elevation 100 feet lower 
than the top of the cuesta upheld by the Sykes Mountain Forma-
tion, through which Bear Creek now flows. Bear Creek must 
have been captured by a smaller stream in the S~ Sec. 33, T.53 
N., R.93 W., by a process similar to the Greybull River capture. 
Mackin (1937) recognized and dated five terrace stages 
along the Big Horn River tributaries. The late Pliocene Tat-
man Mountain stage is the highest, and consequently the oldest 
stream-planed surface in the basin with a projected height of 
1200 feet above the Big Horn River. The Y.U. Bench stage, at 
an elevation of 350-680 feet, is also late Pliocene in age. 
Pleistocene terrace stages include the Powell Stage, 150-300 
feet, the Red Lodge-Cody Stage, 75-210 feet, and the Greybull 
Stage, 10-40 feet. 
Rohrer and Leopold (1963) have dated pollen in the Fenton 
Pass alluvium, which caps Tatman Mountain, as latest Pliocene 
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to earliest Pleistocene. Moss (1974) has correlated the Cody 
terraces along the South Fork of the Shoshone River to the 
Pinedale moraines, which are late Wisconsin in age. Through 
obsidian hydration techniques, Pierce et al. (1976) have dated 
the Bull Lake and Pinedale glacial moraines near West Yellow-
stone, Montana, as late Illinoian (140,000 years) and 
Wisconsin (30,000 years) in age, respectively. 
The age of the terrace sequences in the study area is 
Pleistocene. The lowest terrace remnants along Shell Creek 
are probably post-Pinedale since the glaciofluvial sediments 
have been correlated with the Pinedale moraines in Shell 
Canyon of the Big Horn Mountains (R. C. Palmquist, Iowa State 
University, personal communication, 1976). The westward 
thinning of the glaciofluvial sediments along Shell Creek is 
indicative of both the readjustment of Shell Creek to the 
downcutting of the Big Horn River and depositional thinning 
away from the source. The Cody and Powell terrace sequences 
along the Shoshone River are Pinedale and Bull Lake in age, 
respectively, however, neither terrace sequence can be corre-
lated to the terraces along the Big Horn River (Moss, 1974). 
Although no absolute age has been determined for the terraces 
in the study area, pollen dates in the alluvium capping Tatman 
Mountain (Rohrer and Leopold, 1963), the oldest terrace 
remnant in the Bighorn Basin, suggest that they are probably 
Pleistocene in age. 
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STRATIGRAPHY 
Introduction 
Rocks of all systems, except the Silurian, are present 
in the Greybull North Quadrangle, ranging from Mississippian 
to Paleocene. Knowledge of the unexposed formations has been 
obtained from well data interpreted by Stipp (1947). 
The total thickness of the sedimentary section is approxi-
mately 19,500 feet, of which 10,600 feet is exposed. About 
2400 feet occurs in the subsurface and an additional 6500 feet 
of Cenozoic strata outcrops to the west of the study area. 
Fig. 3 shO\vs the distribution of the formations. Detailed 
graphic sections of the Amsden through the Frontier are pre-
sented in the followi'ng discussion. Due to limited exposures, 
the upper Cretaceous Cody, Mesaverde, Meeteetse, and Paleocene 
Fort Union formations were not portrayed by graphic sections. 
The Paleozoic formations are of marine origin and have a 
total thickness of about 3000 feet. The upper 600 feet is 
exposed in the study area, beginning at a point 150 feet below 
the upper Madison Limestone contact. This is overlain by 
approximately 10,100 feet of marine and nonmarine Mesozoic 
sediments and 6,700 feet of terrestrial Cenozoic sediments. 
However, only the lower 200 feet of the Paleocene Fort Union 
Formation outcrops within the study area. 
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Unexposed Formations 
Cambrian 
Flathead Sandstone The middle Cambrian Flathead Sand-
stone unconformably overlies the Precambrian granite and is 
approximately 174 feet thick in the subsurface just to the 
northwest of the study area (Stipp, 1947). It is composed of 
arkosic conglomerate which grades vertically into a white to 
gray, medium- to coarse-grained quartz sandstone (Thomas, 
1965). This formation represents the initial eastward 
Paleozoic transgression onto the craton. 
Gros Ventre Formation The Gros Ventre Formation, also 
middle Cambrian in age, conformably overlies the Flathead 
Sandstone. It is approximately 510 feet thick and consists 
of gray, sandy glauconitic limestone interbedded with green 
shale and thin sandstone which typified the deepening of the 
sea (Mills, 1956). 
Gallatin Formation The upper Cambrian Gallatin Forma-
tion, which is approximately 565 feet thick, is conformable 
with the underlying Gros Ventre Formation. It is composed of 
gray, sandy glauconitic intraclastic limestone interbedded 
with gray to green shale which accumulated in a depositional 
environment similar to the Gros Ventre Formation (Mills, 1956) 
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Ordovician 
Bighorn Dolomite Approximately 410 feet of Bighorn 
Dolomite unconformably overlies the Gallatin. According to 
Mills (1956), the white to tan dolomite and dolomitic lime-
stone precipitated on a shallow platform. 
Silurian 
During the Silurian, no deposition occurred in Wyoming. 
Mills (1956) considered Wyoming to be an emergent, positive 
area. 
Devonian 
Duperow Formation The overlying Duperow Formation, of 
late Devonian age, is approximately 180 feet thick in this 
area and is overlain by the Madison Limestone and unconformably 
overlies the Bighorn Dolomite. Sandberg and Hammond (1958) 
have correlated the Duperow Formation with the Jefferson and 
Three Forks formations in northern Wyoming and Montana and 
proposed its usage for the late Devonian section. It is 
composed of tan dolomite interbedded with glauconitic shale 
and thin sandstone that characterized a renewed transgression 
from the northwest. 
Exposed Formations 
Mississippian 
Madison Limestone The oldest exposed formation in the 
study area is the early Mississippian Madison Limestone which 
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outcrops along the axial trace of Sheep Mountain as "tear-
shaped II inliers. At the most complete exposure in the study 
area, only the upper 148 feet of Rioux's (1958) estimated 
total thickness of 750 feet is present (Fig. 6). 
Peale (1893) described the type section in the Three 
Forks area of Montana and in 1922, Collier and Cathcart sub-
divided the Madison into the Lodgepole and Mission Canyon 
formations. On a basis of insoluble residues, Denson and 
Morrissey (1952, 1954) recognized two members for the Mission 
Canyon Formation. The situation was finally clarified by 
Edmisten (1961) who established four members for the Madison 
Limestone: the Lodgepole, the Lower Mission Canyon, the 
Upper Mission Canyon, and the Cave Members. 
The portion of the Madison not exposed in the study area 
consists of buff to gray limestone, dolomitic limestone, and 
dolomite (Mills, 1956). A light gray to brown, well indu-
rated micrite, containing several poorly preserved specimens 
of Condonophycus austini and some pelecypod fragments, is 
characteristic of the Madison Limestone outcropping in the 
study area. The Madison Limestone overlies the Duperow Forma-
tion, which has been previously discussed. 
During the early Mississippian, central Wyoming was 
located on a stable shelf bounded by two positive areas: 
Alberta and northern Colorado-northwestern Nebraska (Sloss 
and Hamblin, 1942). With renewed transgression, lime~tone 
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Fig. 6. Graphic section of the Madison, Amsden, and 
Tensleep formations 
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GRAPHIC SECTIONS, UPPER MADISON, AMSDEN, AND TENSLEEP FORMATIONS 
AMSDEN 
FORMATION 
MADISON 
LIMESTONE 
Location of secf.ons 
Madison Umestone NWI/4 Sec. 7, T. 53 N., R. 93 W. 
Amsden Formation NE 1/4 NW 1/4 See. 1, T. 53 N., R. 93 W. 
Tensleep Sandstone NE 1/4 NWI/4 Sec. 1, T. 53 N., R. 93 W. 
EXPLANATION 
LITHOLOGY 
Siltstone R:::j ~ Limestone. 
Sandstone f;w§;;l IS Dolomitic limestone 
Chert I/j, L:l.1 III Cherly limestone 
Breccia 
Scolt 
~" 
: feet 
TENSLEEP 
SANDSTONE 
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(micrite) was precipitated and subsequently dolomitized. 
Later, restricted marine conditions produced oolitic lime-
stone, intraclastic limestone, and dolomite. Late Madison 
sedimentation, evident at Sheep Mountain, represents a return 
to substantial limestone (micrite) precipitation (Sloss and 
Hamblin, 1942), which is indicative of deep water origin 
(Folks, 1974). 
Pennsylvanian 
Amsden Formation The early Pennsylvanian Amsden 
Formation, which outcrops along the axial trace of Sheep 
Mountain and as inliers near the crest, is approximately 118 
feet thick. Rioux (1958) concluded that the Amsden has an 
average thickness of 170 feet in the Spence-Kane area, how-
ever, thickness variations are probably related to the under-
lying, irregularity of the erosional surface developed on the 
Madison. 
Darton (1904) described the type section at Amsden Creek 
in the northeastern Big Horn Mountains~ Blackwelder (1918) 
proposed member status for the Darwin Sandstone, while 
Agatston (1954) subdivided the Amsden into the Darwin Sand-
stone, the middle red shale, and the upper dolomite and lime-
stone. 
As shown in Fig. 6, the basal Amsden is marked by the 
Darwin Sandstone, which has filled in the irregular post-
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Madison karst surface. Its thickness varies from zero to 60 
feet, with 30 feet being the average (Agatston, 1954). The 
Darwin Sandstone consists of a light brown to white, fine- to 
medium-grained, well sorted quartz arenite that is moderately 
well-indurated and locally cross-bedded. 
The remainder of the formation is characterized by a 
sequence of variegated siltstone interbedded with thin quartz 
arenite and intrasparite beds. Two thin, light brown intra-
sparite beds immediately overlie the Darwin Sandstone. The 
remaining siltstone and quartz arenite sequence is predomi-
nantly lavender to dark red in color, with yellow-brown color 
bands related to limonite staining. Thin, randomly oriented 
seams of hematite and a pisolitic shale typify the upper 
portion of the Amsden, although they are not laterally 
persistent and undergo rapid thickness changes (Rioux, 1958). 
A thin, cherty carbonate as defined by Agatston (1954) marks 
the top of the Formation. 
The Madison is separated from the overlying Amsden by a 
conspicuous erosional unconformity. This contact is readily 
recognized by a sharp lithologic change between the Madison 
Limestone and the overlying Darwin Sandstone of the Amsden 
Formation. 
During the period of Amsden sedimentation, northeast 
Wyoming, southeast Wyoming, and the North Dakota-South Dakota 
area were emergent source areas. Todd (1963) proposed that 
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the irregular exposures of Darwin Sandstone represent fluvio-
deltaic deposits. The variegated shale and siltstone beds 
accumulated in shallow water tidal flats and estuaries, 
whereas the hematitic and pisolitic sediments were deposited 
in a more restricted, bog type of environment. At the end of 
the early Pennsylvanian, the sea retreated in a southwest 
direction. 
Tensleep Sandstone The Tensleep Sandstone, with an 
average thickness of 104 feet, outcrops along the axial trace 
of Sheep Mountain and as inliers on the east flank of the 
structure. In places, the quartz arenite at the top of the 
formation upholds the resistant dip slopes along the crest of 
the anticline. 
The Tensleep Sandstone was first named by Darton (1904) 
for extensive exposures located near Tensleep, Wyoming. 
Detailed stratigraphic sections were measured and described 
by Brainerd and Keyte (1927) and Branson (1939) in vicinity 
of Stucco, west of Sheep Mountain. 
Interbedded carbonates and siltstones characterize the 
lower portion of the formation (Fig. 6). The resistant 
carbonates are light brown, dolomitic micrite and recrystal-
lized sparite that contain lenses of chert, which are 
separated by poorly indurated green siltstones. 
Gray to light brown, fine- to medium-grained, well-
sorted, calcareous quartz arenite units compose the upper 
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Tensleep Sandstone. They are well indurated, locally cross-
bedded, and exhibit pisolitic weathered surfaces. According 
the Waldschmidt (1941), dolomite muds, dolomite rhombohedral 
crystals, and quartz cement the quartz arenite, with most of 
the dolomite cement being secondary in origin. 
Rioux (1958) defined the basal contact at the top of a 
thin, cherty carbonate that is underlain by a purple shale or 
siltstone. The writer has observed this contact at the 
measured exposure, however, others place it at the base of 
the first massive sandstone of the Tensleep (Pierce, 1948). 
The Tensleep appears conformable with.the underlying Amsden 
Formation. 
The Tensleep sediments were deposited by a sea which 
receded eastward as the result of the Ancestral Rocky Mountain 
uplift to the south (Agatston, 1952). The carbonate, chert, 
and stilstone beds typify deposition in a neritic environment, 
while longshore currents, or a similar process, have deposited 
the quartz arenites in a littoral environment. The localized 
coarsening of the quartz arenite units has been attributed to 
bottom currents and post-storm activities (Todd, 1963). 
During the late Pennsylvanian, the Ancestral Rocky Mountains 
became prominent relief features, causing the denudation of 
the Tensleep Sandstone and its equivalents. Lawson and Smith 
(1966) postulated the development of a dendritic stream pat-
tern on a surface with relief differences as great as 100 feet. 
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Permian 
Phosphoria Formation The middle Permian Phosphoria 
Formation upholds a prominent dip slope on both flanks of 
Sheep ,Mountain. The dip slope is developed on massive 
carbonates which overlie poorly indurated red and green silt-
stones that are 247 feet thick at the measured exposure. 
The history of the nomenclature applied to this sequence 
of rocks is quite complex. Darton (1906) initially named the 
formation the Embar for an exposure in the Owl Creek Mountains 
which was located stratigraphically above the Tensleep Sand-
stone and below the Chugwater Group. Studies in Utah by 
Boutwell (1907) led to the definition of the Park City Forma-
tion which was correlated with the lower portion of the Embar 
Formation. In 1916, Condit traced the Embar east from the Owl 
Creek Mountains and proposed three facies: a marine facies 
in the Wind River Basin, a transitional facies at Sheep 
Mountain, and a shallow water facies in Tensleep Canyon. More 
detailed studies by Thomas (1934) led to the replacement of 
the term Embar by the "intertongued phase of the Phosphoria 
and Dinwoody." In 1956, McKelvey et al., suggested that the 
term Embar be dropped and that the use of the Park City and 
Phosphoria nomenclature should be limited to Utah and Wyoming, 
respectively. The term Goose Egg was then proposed by Burk 
and Thomas (1956) and concurred by Rioux (1958). However, 
the writer has separately recognized the Phosphoria and 
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Dinwoody formations. 
As shown in Fig. 7, the Phosphoria Formation consists of 
red and green siltstones that are overlain by a thick carbo-
nate sequence. The lower thin red and green siltstones are 
interbedded with light brown well-indurated dolomitic micrites 
and recrystallized sparites. Near the top of this sequence, 
the siltstone becomes very gypsiferous as evidenced by the 
presence of a nine foot lense of gypsum (Fig. 7). The upper 
portion of the formation consists of light gray, well-
indurated, vuggy, petroliferous dolomitic micrite units inter-
bedded with gray to green siltstones and several nodular chert 
zones. An often very fossiliferous, bluish-gray nodular chert 
. 
zone about five feet thick is continuous throughout the study 
area (Frielinghausen, 1952; Rioux, 1958). 
A red siltstone marks the basal Phosphoria contact with 
the underlying quartz arenite or thin white dolomitic micrite 
of the Tensleep Sandstone. Rioux (1958) has concluded that 
the Phosphoria Formation unconformably overlies the Tensleep 
Sandstone, which accounts for variations in thickness in the 
Spence-Kane area. Agatston (1954) has attributed this rela-
tionship to the .regional thinning and truncation of the Ten-
sleep Sandstone. 
During the middle Permian, red and green siltstones 
characteristic of lagoonal flat or back reef environments 
Were deposited by a transgressive sea upon an irregular 
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Fig. 7. Graphic sections of the Phosphoria and Dinwoody 
formations 
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GRAPHIC SECTIONS, PHOSPHORIA AND DIN WOODY FORMATIONS 
Location of sections 
Phosphoria Formation SE 1/4SE 1/4 Sec. 7 and NEI/4 Sec. 20, T 53 N., R. 93 W. 
Oinwoody Formation 
PHOSPHORIA 
FORMATION 
SE 1/4 SE 1/4 Sec. 21, t 53 N., R 93 W. 
EXPLANATION 
LITHOLOGY 
Mudstone §~ ~ Limestone 
Siltstone 1.:?::...:...."'2 iifi Dolomitic limestone 
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-
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surface developed on the Tensleep. The thin interbedded 
carbonate beds are indicative of minor fluctuations of sea 
level. The carbonates of the upper part of the Phosphoria 
have been compared to a barrier island complex similar to 
those in the Bahamas today (DeKoster, 1960), which are litho-
logically similar, except for the presence of more terrigenous 
materials and anhydrite (Campbell, 1962). The thin red and 
green, siltstone beds of the upper carbonate sequence are 
indicative of the lateral migration of depositional environ-
ments in relation to minor sea level fluctuations. 
Triassic 
Dinwoody Formation The Dinwoody Formation of early 
Triassic age is well exposed at Sheep Mountain along the west 
flank and portions of the east flank where the colluvial 
veneer is sparse or absent. The average thickness is 65 feet 
at Sheep Mountain. 
The controversies associated with the stratigraphic 
nomenclature of the Dinwoody and Phosphoria formations have 
been discussed in the previous section. Condit (1916) first 
described this formation at Dinwoody Canyon in the northwest 
Wind River Mountains. 
The Dinwoody Formation consists of predominantly green 
siltstones interlaced with thin, randomly-oriented gypsum 
stringers (Fig. 7). Several lenticular massive gypsum beds, 
with a maximum thickness of six feet exist at the measured 
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exposure. 
The basal contact of the Dinwoody Formation is uncon-
formable with the underlying Phosphoria Formation (Frieling-
hausen, 1952). It is identified by a lithologic change from 
a light gray, well-indurated micrite of the Phosphoria to the 
green brown gypiferous siltstones of the Dinwoody Formation. 
During the early Triassic, northwest Wyoming was located 
at the eastern margin of a shallow embayment. The sediments 
of the Dinwoody Formation possibly accumulated in semi-
restricted marine basins or in a sabka environment (Kinsman, 
1969) . 
Red Peak Formation Approximately 615 feet of the 
early Triassic Red Peak Formation of the Chugwater Group out-
crops along the west flank and the south nose of Sheep Moun-
tain. It is obscured by colluvium in many places along the 
east flank. 
Darton (1904) named the Chugwater Formation for a thick 
sequence of redbeds located along the base of the Big Horn 
Mountains, which originally included all the sediments from 
the top of the Tensleep Sandstone to the base of the Sundance 
Formation. However, in 1906, Darton defined the Embar Forma-
tion, thus"exc1uding it from the Chugwater Formation. A 
detailed paleontological study led Brainerd and Keyte (1927) 
to propose formational status for the Jurassic sequence of 
units above and including the thick massive gypsum bed. 
49 
Later, Love (1939) named this sequence the Gypsum Springs 
Formation. 
Love (1957) recognized four members with the Chugwater 
Formation: the Red Peak Shale, the Alcova Limestone, the Crow 
Mountain Sandstone, and the Popo Agie Member. He later 
designated the type locality of the Red Peak Shale Member in 
the northwest Wind River Mountains. Recent studies led High 
and Picard (1967) to suggest group status for the Chugwater 
and the elevation of three members to formational status: 
the Red Peak, the Crow Mountain, and the Popo Agie. 
Only the Red Peak Formation is present within the study 
area, with the remainder of the Chugwater Group removed by 
pre-Jurassic denudation. Picard (1964, 1967) recognized five 
facies in the Red Peak Formation: 1) the silty claystone, 
2) the lower platy, 3) the alternating, 4) the upper platy, 
and 5) the sandy facies. All of the preceding except for the 
sandy facies and the upper part of the platy facies have been 
observed within the study area. 
Calcareous, locally gypiferous red siltstones and sub-
litharenites are the dominant lithologies of the Red Peak 
Formation (Fig. 8). Thin lenses of green siltstone, two to 
five inches thick, are often associated with the red silt-
stones throughout the lower portion of the formation. The 
siltstones are interbedded with thick fine-grained, calcareous, 
well-indurated sublitharenite units that are more prevalent 
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Fig. 8. Graphic section of the Red Peak Formation 
REO. PEAK 
FORMATION 
51 
GRAPHIC SECTION. RED PEAK FORMATION 
Location of section EXPLANATION 
. NW 1/4SW 1/4 Sec. 36. t 54 N. R. 94 W. 
LITHOLOGY 
Mudsfone E~ P:.±=-:;j S.IIMan. 
~ 
SandSfone 
SYMBOLS 
~ 
Gypsum .f,inq,rs 
Scale 
~20 10 o !eel 
52 
near the top of the formation. They exhibit fine to coarse 
laminae and localized cross-bedding. 
The basal contact of the overlying Red Peak Formation is 
marked by a gradational color change from a green to red 
siltstone. Many small green siltstone lenses occur in the 
lower two feet of the formation, indicating uninterrupted 
deposition. 
Along the south nose of Sheep Mountain, two distinctive 
green siltstone beds occur within Picard's (1964, 1967) 
alternating facies. Moulton (1926) has described similar 
bleached zones along the axial traces of several folds, 
relating them to the reduction of ferric oxide by hydrogen 
sulfides released from migrating oil. Thus, petroleum once 
existed at depth at Sheep Mountain Anticline. It is present 
today as dead oil within pores and along fractures of the 
Phosphoria carbonates. 
Darton (1906) and Branson (1915) considered the sediments 
of the Chugwater Group to be neritic in origin. Most recent 
authors are in agreement, except that they suggest that the 
Popo Agie possibly is of lacustrine or fluvial origin (Picard 
and Wellman, 1965). 
Picard (1967) has interpreted the Idepositional environ-
ments for each of the five facies in the Red Peak Formation. 
The basal silty claystone facies formed in transitional 
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environments such as tidal mudflats and marshes. The lower 
and upper platy facies are composed of fine-grained sandstones 
that were deposited in a periodically exposed environment such 
, 
as a tidal flat, as evidenced by the presence of ripple marks, 
raindrop imprints, and salt casts. Minor sea level fluctua-
tions characterized the deposition of the alternating platy 
facies in tidal mudflat and tidal flat environments. The 
sandy facies, which does not exist in the study area, repre-
sents an influx of sediments from a new source area which 
accumulated in a nearshore environment. 
Jurassic 
Gypsum Springs Formation Exposures of the middle 
Jurassic Gypsum Springs Formation outcrop along the east 
flank and the south nose of Sheep Mountain anticline, as well 
as along the axial trace of Crystal Creek anticline. It is 
approximately 232 feet thick in the study area. 
The type section was described by Love (1939) near 
Dubois, Wyoming. Later, in 1956, Imlay used fossils to posi-
tively date the Gypsum Springs as middle Jurassic in age. 
The Gypsum Springs has been divided into two parts which 
are easily distinguished in the field. The lower part con-
sists of a thick, massive gypsum bed, which has been leached 
in places along the east flank of Sheep Mountain, leaving a 
-
calcareous mudstone collapse breccia. It is overlain by a 
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sequence of variegated shales and mudstones interbedded with 
thin lenses of massive gypsum (Fig. 9). Gypsum stringers up 
to one-half inch thick interlace the basal portion of the 
formation. 
Several thin algal biolithites interbedded with varie-
gated mudstones and shales compose the upper portion of the 
formation. The well-indurated biolithites uphold a series of 
minor dip slopes along the east flank of Sheep Mountain. The 
most prominent dip slope is upheld by a thick, fossiliferous 
intrasparite. 
The basal Gypsum Springs contact is unconformable with 
the 'underlying Red Peak Formation. It is denoted by a Ii tho-
logic change from a two to five inch green siltstone to a 
thick massive gypsum bed or collapse breccia of the Gypsum 
Springs Formation. 
The depositional environment of the Gypsum Springs is 
similar to that of the Red Peak Formation. The thick, massive 
gypsum bed represents deposition in a restricted basin or pos-
sibly a supratidal environment (Kinsman, 1969). The mudstones 
and shales are indicative of a transition from a mudflat to 
tidal flat depositional environment. The in situ precipita-
tion of calcium carbonate in a neritic environment is evident 
by the presence of the thin carbonate beds. 
Sundance Formation The Sundance Fopmation of late 
Jurassic age is well exposed along the noses of Sheep Mountain 
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Fig. 9. Graphic section of the Gypsum Springs Formation 
GYPSUM SPRINGS 
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and Crystal Creek anticlines. The total thickness is 382 
feet, of which approximately 153 feet comprises the "Lower 
Sundance" and 229 feet constitutes the "Upper Sundance." 
The Sundance was initially described by Darton (1899) 
for a sequence of alternating sandstone, shale, and limestone 
exposed in the Black Hills. Later in 1909, Darton and O'Hara 
defined the type section in western South Dakota. Detailed 
paleontological studies by Neely (1937) led to the recogni-
tion of the IIGryphaea Zone" and IIBelemnite Zone ll which served 
as the basis for the subdivision of the Sundance into the 
I1Lower Sundance" and "Upper Sundance" by Imlay (1956). He 
later correlated them with the Rierdon and Swift formations 
of Montana. Peterson (1954) proposed the use of the terms 
Rierdon and Swift formations in north-central Wyoming, however, 
the writer has not differentiated the Sundance Formation with-
in the study area. 
Imlay (1956) and Rioux (1958) have recognized three 
distinctive units in the "Lower Sundance l1: the lower oolitic 
sandstones and limestones, the medial shales, and the upper 
sandstones. As shown in Fig'. 10, the lower unit consists of 
light brown, well-indurated biosparites and oosparites that 
are interbedded with poorly exposed brown and green, 
calcareous siltstones. A very fossiliferous green, calcareous 
siltstone, which is equivalent to the medial shales described 
by Imlay (1956) and Rioux (1958), exists above the lower unit 
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· Fig. 10. Graphic section of the Sundance Formation 
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and constitutes the Gryphaea nebracensis zone (Rioux, 1958). 
A light brown, fine-grained, well-indurated oolitic 
quartz arenite, containing ripple marks, cross-bedding, and 
lamination, comprises the upper most unit of the "Lower 
Sundance. II It grades laterally into a·fossiliferous, 
arenaceous oomicrite that displays lamination and small to 
large scale cross-bedding. The upper contact of the "Lower 
Sundance" has been placed at the top of this prominent unit 
(Rioux, 1958). 
Two diagnostic units comprise the "Upper Sundance"; the 
lower shale and the upper sandstone (Imlay, 1956i Rioux, 1958). 
The lower unit has been equated to a sequence of poorly 
exposed, green, calcareous siltstone and mudstone that con-
tain numerous tests of Pachyteuthis densus and Ostrea 
engelmanni. These two fossils, along with a thin carbonate 
bed packed with whole and fragmental Camptonectes bellistriatus 
shells, form three diagnostic fossil zones in the "Upper Sun-
dance." 
A light brown to green, fine-grained, calcareous quartz 
arenite overlies the fossil zones and grades vertically into 
a series of light green, calcareous, glauconitic sublitharenite 
and litharenite which is thin bedded and contains small scale 
cross-bedding. The highest unit within the "Upper Sundance" 
is a light green to brown, glauconitic quartz arenite that is 
37 feet thick at Sheep Mountain. 
61 
The basal contact of the Sundance Formation is marked by 
a one foot fossiliferous oosparite which is unconformably 
underlain by a thin sequence of red and green mudstone of the 
underlying Gypsum Springs Formation (Imlay, 1956). Where the 
fossiliferous oosparite is absent, the contact is defined by 
a color change from the light red of the Gypsum Springs to 
the light green of the Sundance Formation. 
Post-middle Jurassic denudation of northwest Wyoming 
prevailed until the late Jurassic sea readvanced from the 
southwest. Variations in sea level are marked by the presence 
of interbedded carbonates of neritic origin and siltstones and 
mudstones of lagoonal origin (Peterson, 1954). The mudstones. 
and siltstones ·were initially red in color, but the reduction 
of their organic content produced the green coloration 
(Peterson, 1954). Peterson (1954) postulated that the Sheri-
dan Arch, a north-south high traversing the Bighorn Basin, 
restricted the influx of sediments from southern and eastern 
source areas. Shallow water barriers developed along the 
margins of the arch and provided suitable depositional environ-
ments for oolitic sands and carbonates. After the deposition 
of the "Lower Sundance" sediments, the sea receded to the 
northwest, possibly exposing the Sheridan Arch for a brief 
period of time. This regression may have been initiated by 
the emplacement of the Idaho Batholith to the west (Peterson, 
1954). 
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With a.renewed sea migration to the southeast, shales 
and mudstones accumulated unconformably on an open marine 
platform as evidenced by the widespread presence of 
Pacytheuthis densus {Peterson, 1954; Imlay, 1956; Brenner and 
Davies, 1973}. Terrigenous sands were transported from the 
northwest, possibly the Idaho Batholith area, and deposited 
as marine bar sandstones in a current-agitated, regressive 
nearshore environment (Brenner and Davies, 1973). The 
presence of glauconite is suggestive of an organic-rich, 
neritic environment characterized by normal salinity (Cloud, 
1955; Chi1ingar, 1956). The localized occurrence of coquinoid 
sandstone bodies, including the Camptonectes be1listriatus bed, 
have been attributed to high energy storm-induced conditions 
(Brenner and Davies, 1973). By the end of the late Jurassic, 
the sea had slowly retreated westward across Wyoming, as 
evidenced by the transitional boundary with the overlying 
nonmarine Morrison Formation (Peterson, 1954). Purer (l970) 
suggested that the regression was related to the Nevadan 
Orogeny. 
Morrison Formation The late Jurassic Morrison Forma-
tion is a nonresistant sequence of structureless shale, mud-
stone, siltstone, and friable sandstone located between the 
resistant beds of the Sundance and Cloverly formations. 
Excellent exposures outcrop along the east flank of Sheep 
Mountain and the south nose of Crystal Creek anticline. The 
63 
average thickness of the Morrison Formation is 309 feet. 
Due to the lenticular nature and, in many instances, the 
absence of the basal Cloverly beds, Rioux (1958) mapped the 
two formations as the "Morrison-Cloverly Undivided." The 
writer has followed the criteria proposed by Moberly (1960) 
in differentiating the Morrison, Cloverly, and Sykes Mountain 
formations in the Greybull North Quadrangle •. 
The Morrison Formation was first defined near Morrison, 
Colorado, by Emmons et al. (1896), and later Waldschmidt and 
LeRoy (1944) reestablished the type section at a better 
exposed, more accessible outcrop two miles north of the 
original one. More recently, extensive studies have been 
conducted by Burk (1957) and Moberly (1960). 
A sequence of variegated, calcareous shale and siltstone 
interbedded with thin lenticular, light brown, fine-grained 
quartz arenite comprises the lower part of the Morrison Forma-
tion (Fig. 11). Fragments of dinosaur bone were found in 
these quartz arenite beds or, in some cases, immediately below 
in the multicolored mudstones and siltstones. The upper por-
tion of the Morrison consists of variegated, calcareous mud-
stones and siltstones interbedded with thick lenticular, light 
brown quartz arenites. 
The contact between the underlying "Upper Sundance" and 
the Morrison Formation is identified by the absence of 
glauconite in the sandstones, which can also be recognized by 
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Fig. 11. Graphic section of the Morrison Formation 
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a change in color from light green to a light brown of the 
overlying Morrison Formation. At Sheep Mountain, the contact 
occurs at a lithologic change from a glauconitic quartz-
arenite to a black shale, which corresponds with descriptions 
proposed by Imlay (1956). 
Evidence for the nonmarine origin of the Morrison has 
been provided by early workers such as Berry (1915), Stanton 
(1915), Roth (1933), and Branson (1935). After the recession 
of the late Jurassic sea, sediments derived from low-lying 
sedimentary sources were transported east by prograding 
streams to reducing alluvial and fluvial depositional environ-
ments. According to Moberly (1962), the red colored shale 
lenses represent OVer-bank deposits in an oxidizing environ-
ment. Wind-blown ash, derived from volcanic activity in 
Cordilleran island arcs, accumulated throughout the area and 
resulted in the bentonitic admixture of the mudstones and 
siltstones. The coarser grained siltstones and sandstones 
reflect increases in the carrying capacities of the streams 
as a result of minor uplift. 
Most of the Morrison sediments represent deposition in a 
vast, swampy alluvial plain. A hot, humid, and wet climate 
probably prevailed, thus creating an ideal habitat for 
numerous plants and dinosaurs. 
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Early Cretaceous 
Cloverly Formation The topographic expression of the 
Aptian to early Albian (Peck and Craig, 1962) Cloverly Forma-
tion is a continuation of the "badlands" topography of the 
Morrison. This strata is exposed primarily along the east 
flanks of both Sheep Mountain and Crystal Creek anticlines. 
In this quadrangle, the Cloverly is approximately 194 feet 
thick. 
Darton (1899) assigned the Cloverly Formation as post-
Jurassic age and in 1904, he described the type of locality 
near the old post office at Cloverly, Wyoming, on the eastern 
margin of the Bighorn Basin. The Cloverly Formation was 
originally divided into three parts: the Pryor Conglomerate, 
the middle shale, and the Greybull Sandstone. The term Pryor 
Conglomerate was originally used by Hares (1917) in reference 
to the horizon of polished cobbles located immediately above 
the variegated sediments of the Morrison. In 1901, Darton 
described the middle shale (Fuson Shale) at an exposure in 
Fu~on Canyon in western South Dakota. Hintz (1914), Lupton 
(1915), and Hewett and Lupton (1917) placed the Greybull 
Sandstone in the upper portion of the Cloverly Formation, 
however, later both Lee (1927) and Rioux (1958) included the 
Greybull Sandstone and the so-called "Rusty Beds" (Sykes 
Mountain Formation) in the upper Cloverly. 
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Moberly (1960) studied the Morrison and Cloverly forma-
tions in detail, and introduced a new unit: the Sykes 
Mountain which included the so-called Greybull Sandstone and 
the "Rusty Beds." The writer has followed the terminology 
suggested by Moberly (1960). 
Moberly (1960) also proposed three members: the Pryor 
Conglomerate, the Little Sheep Mudstone, and the Himes. All 
three members have been recognized within the study area. 
The P~or is a gray to brown chert pebble conglomerate. 
It is very lenticular, grading into a light brown to yellow, 
fine-grained, calcareous quartz arenite that forms a resistant 
ridge (Fig. 12). The surface of the basal Cloverly usually 
contains numerous pol~shed cobbles composed of siliceous 
materials such as chert, jasper, chalcedony, and quartzite. 
Several authors have suggested that the polished cobbles are 
dinosaur gastroliths, however, Pettijohn (1975) postulated 
eolian action and compaction movements within the mudstones 
as alternate origins. The large number of polished cobbles 
has led the writer to believe in an organic versus biologic 
origin. 
The Little Sheep Mudstone conformably overlies the Pryor 
Conglomerate and its lateral equivalents. A sequence of varie-
gated, noncalcareous mudstone sporadically interspersed with 
several lenticular, light brown, fine- to medium-grained 
litharenite beds comprises the Little Sheep Mudstone Member. 
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Fig. 12. Graphic sections of the Cloverly and Sykes 
Mountain formations 
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The mudstone displays a "popcorn" texture, indicative of a 
high bentonite content, and contains numerous multicolored 
silica nodules. Two devitrified tuff beds occur near the top 
of the member, however, only one tuff bed was observed at the 
measured exposure (Fig. lc). 
The overlying Himes Member is composed of thin sublith-
arenites, litharenites, and quartz arenites interbedded with 
siltstones and mudstones. The sublitharenites and quartz 
arenites are light gray to brown, fine- to medium-grained, 
calcareous, and often form resistant ledges. The nonresistant 
mudstones and siltstones are identified by their predominantly 
olive green color and many bther colors to a lesser degree. 
Two prominent channel sands are present; a resistant litharen-
ite containing cycad remains that defines the basal contact 
and a quartz arenite found near the top of the member. 
Controversies have arisen over the location and recogni-
tion of the contact between the Morrison and Cloverly forma-
tions. Moberly (1960) has defined the contact on a basis of 
color and the reaction of the mudstones to hydrochloric acid. 
The Morrison mudstones are pale green to light red and cal-
careous, whereas the Cloverly mUdstones are dark red to 
maroon and noncalcareous. He also placed the basal contact 
of the Cloverly at the base of a lenticular chert conglomerate 
(Pryor Conglomerate) which usually grades laterally into a 
coarse-grained, calcareous quartz arenite. At Sheep Mountain, 
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the chert pebble conglomerate is often absent, and the color 
change marks the contact. The placement of the contact at 
the base of the chert pebble conglomerate seems to coincide 
with the color change described by Moberly (1960). 
The Cloverly, like the underlying Morrison Formation, 
accumulated in fluvial environments. The Pryor Conglomerate 
was derived from a rising sedimentary source, possibly 
associated with the Sierra Nevada Disturbance which caused a 
rejuvenation of the streams (Lammers, 1939). The Pryor 
Conglomerate is composed of reworked chert particles possibly 
from sources such as the Madison Limestone or the Phosphoria 
Formation (Hooper, 1961). 
The depositional environment of the Little Sheep Mud-
stone was paludal (Moberly, 1960). Many of the fine-grained 
sediments accumulated through fluvial transportation from a 
low-lying source and by the in situ weathering of volcanic 
ash. 
The overlying Himes Member consists of paludal mudstones 
interbedded with lenticular channel sands. The sediments 
composing the basal litharenite were derived from a tectonic 
source area to the west (Moberly, 1960). The well-sorted 
quartz sands were transported by southwest and westward flow-
ing rivers from the Canadian Shield and the midcontinent 
(Moberly, 1960 and MacKenzie, 1962). They both were deposited 
in channels in clays forming at the same time. 
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Sykes Mountain Formation Middle Albian exposures of 
the Sykes Mountain Formation (Ostrom, 1970) outcrop along 
both flanks of Sheep Mountain and the east flank of Crystal 
Creek anticline. The average thickness is 100 feet. 
The Sykes Mountain lithologies were first described by 
Darton (1906) who placed them in the Benton Formation and in 
1908, Washburne introduced the term lfRusty Beds." More 
recently, Rioux (1958) and Eicher (1960, 1962) have included 
the "Rusty Beds" in the basal Thermopolis Shale. Moberly 
(1960) named the Sykes Mountain for an exposure located in the 
northeastern Bighorn Basin. It included the "Rusty Beds," 
"Dakota Silt, II Dakota Sandstone, and the Greybull Sandstone. 
As shown in Fig. 12, the Sykes Mountain is composed of 
thin, interbedded siltstone, ferruginous siltstone, quartz 
arenite, and sublitharenite beds. The thin bedded sub-
litharenite units are rusty-brown, fine-grained, moderately 
to well-sorted, calcareous ledge formers. The less resistant 
light brown siltstone beds are noncalcareous and usually less 
than one foot thick, while the darker brown ferruginous silt-
stone beds form very thin, resistant ledges. The remainder 
of the Formation consists of a nonresistant light brown, 
calcareous quartz arenite interbedded with thin siltstone 
beds, similar to those previously discussed, and black shale 
resembling those in the Thermopolis. 
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There has been some question as to the placement of the 
basal contact of the Sykes Mountain. Many early authors 
included the Greybull Sandstone in the Cloverly Formation, 
and placed the contact at the base of the "Rusty Beds." How":' 
ever, Moberly (1960) included the Greybull Sandstone in the 
Sykes Mountain Formation, based upon the presence of siderite 
spherulites which reflect a neritic depositional environment. 
He defined the upper contact at the base of the first 
continuous ferruginous siltstone in the Sykes Mountain Forma-
tion. This contact is easily identified when the lithology 
of the underlying Cloverly is a mudstone, however, a "sand-on-
sand" contact has to be traced laterally to determine the 
continuity of the lowest Sykes Mountain unit. 
The Sykes Mountain sediments accumulated in a neritic/ 
depositional environment along the margins of a southward 
transgressing sea characterized by tidal current processes 
(Eicher, 1960). Eicher (1960) concluded that the siderite 
spherulites in the Greybull Sandstone represent the initial 
change from a paludal to neritic environment. Shark fossils 
led Curry (1962) to postulate deposition under normal saline 
marine conditions. Moberly (1960) proposed a tidal flat 
origin, however, Eicher (1960) rejected this hypothesis on 
the basis of the apparent absence of channels and scour marks 
which characterize modern tidal flats. The presence of the 
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black shale in the upper portion of the Formation is indica-
tive of minor sea level fluctuations. 
Thermopolis Shale The Thermopolis Shale, designated 
early middle Albian (Ostrom, 1970) forms a broad prominent 
valley with restricted slopes along the east flank of Sheep 
Mountain. Occasional exposures occur along the west flank of 
Sheep Mountain near Stucco. The Thermopolis is approximately 
257 feet at the measured exposure. 
Both Eldridge (1894) and Darton (1906) included the 
Thermopolis in the Benton Formation, which then contained 
strata from the "Rusty Beds ,I through the Mowry Shale. Later, 
Lupton (1915) used the term Thermopolis Shale for an exposure 
situated between the Greybull Sandstone of the Cloverly and 
the Mowry Shale. Cobban and Reeside (1951) redefined the 
Thermopolis to include only the shales below the Muddy Sand-
stone and in 1960, Eicher added the "Rusty Beds." The writer 
has recognized the Thermopolis on a basis of the terminology 
proposed by Cobban and Reeside (1951) and Moberly (1960). 
The Formation consists chiefly of shale which is locally 
interbedded with thin beds of quartz arenite and siltstone 
(Fig. 13). The basal dark gray shale is fissile and very non-
resistant. It contains spherical dahllite concretions 
approximately three inches in diameter. The rusty colored, 
thin-bedded siltstone beds often form resistant ledges, 
whereas the light brown, fine-grained quartz arenite beds are 
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Fig. 13. Graphic sections of the Thermopolis, Muddy, and 
Shell Creek formations 
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nonresistant and poorly exposed. A resistant, limonite-
stained recrystallized sparite bed outcrops at the measured 
exposure, and corresponds to a similar unit located west of 
the study area (Eicher, 1960). 
The gradational nature of the Sykes Mountain-Thermopolis 
contact has caused problems with recognition. Moberly 
(1960) placed it at the top of the highest one foot bed where 
the lithology is predominantly Sykes Mountain. 
The Thermopolis Shale accumulated in a neritic to bathyal 
environment (Eicher, 1960). During the early Cretaceous, a 
northern and southern sea existed in the western interior of 
North America, and were separated by a structural high 
located south of the present-day state of Kansas (Eicher, 
1960). This high prevented the advance of the southern sea 
into northwest Wyoming; however, the northern sea transgressed 
southward, depositing the lower shale in a somewhat deeper 
neritic environment than the Sykes Mountain sediments. The 
dahllite concretions developed in the soft muds by the in situ 
growth of phosphate and calcite around foreign particles, 
usually pyrite (McConnell, 1935). Gentle currents along the 
sea bottom produced the laminae present in the thin siltstone 
beds. 
The thin siltstone and carbonate beds of ,the upper 
Thermopolis possibly accumul~ted in a shallower, receding sea 
(Eicher,1960). According to Eicher (1960), the upper shale 
'l 
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contains lithologic and faunal evidence indicative of renewed 
transgression and the eventual connection of both seas. He 
also stated that this sea probably attained its maximum extent 
and depth when the upper shale was deposited in northwest 
Wyoming. 
Muddy Sandstone The late Albian Muddy Sandstone 
(Paull, 1962) forms a moderately resistant, diagnostic white 
bed between the dark shales (Fig. lc). It is well exposed 
along the'east flank of Sheep Mountain, where the thickness 
is approximately 44 feet. Rioux (1958) has observed thickness 
variations to the north of the study area. 
Darton (1908) initially named this Sandstone and included 
it in the Benton Formation.· In 1914, Hintz referred to it as 
a "driller's sand" situated approximately 800 feet below the 
top of the Peay Sandstone of the Frontier Formation. Cobban 
and Reeside (1951) first assigned the Muddy Sandstone forma-
tional status, which was officially accepted when Eicher 
(1960) proposed formational status for the overlying Shell 
Creek Shale. Later, Paull (1962) designated the type exposure 
on the northern flank of Poverty Flats syncline, which is 
situated immediately east of the study area. 
Sublitharenite and litharenite interbedded with brown 
to black shale comprise the Muddy Sandstone as is illustrated 
in Fig. 13. The bentonitic, light gray to brown sublitharenite 
and litharenite is fine- to medium-grained, moderately, 
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indurated, and displays ripple marks and laminae. The silt-
stone and thin black shale beds are usually poorly exposed, 
often forming slopes adjacent to the more resistant sub-
litharenite and litharenite layers. The Muddy Sandstone is 
bentonitic and usually contains chert and quartzite clasts 
approximately three inches in diameter, along with occasional 
vertebrate bone fragments. 
The basal contact of the Muddy is gradational with the 
underlying Thermopolis Shale. It is easily recognized by a 
lithologic change from dark shales and siltstones to a gray 
to white quartz arenite. 
Most authors agree that the Muddy Sandstone varies 
laterally in thickness and rock type, reflecting the variety 
of nearshore depositional environments (Eicher, 1960). Eicher 
(1960) also suggested that the nearshore sedimentation 
resulted from basin floor uplift coincidentally with an influx 
of coarser, terrigineous sediments and vo"lcanic activity, all 
reflecting orogeny. Brief post-Thermopolis emergence allowed 
for the development of a dendritic drainage pattern (Curry, 
1962; Stapp, 1967; Stone, 1972). As the sea readvanced, 
initial nearshore Muddy sedimentation filled in this irregular 
surface, while the remainder of the formation accumulated in 
a deltaic environment fed by sluggish, slow moving streams 
(Paull, 1962). 
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According to Woncik (1969), the presence of chert and 
quartzite clasts is characteristic of higher energy deposition 
such as sand bars and barrier islands. Minor epeirogenic up-
lift and sea level fluctuations caused the widespread lateral 
migration of the various nearshore environments. 
Shell Creek Shale Exposures of the Shell Creek Shale 
of late Albian age (Katich, 1962) outcrop along the cuesta 
upheld by the Mowry in the eastern portion of the quadrangle. 
Approximately 296 feet is exposed at the measured section 
(Fig. 13). 
Darton (1906) initially described the Shell Creek Shale 
as part of the Benton Formation. Lupton (1915) and Pierce 
(1948) placed the shale into the upper portion of the Thermo-
polis Shale, however, Cobban and Reeside (1951) and Mills 
(l956) included it in the Mowry Shale. As the Muddy Sandstone 
gained recognition, the shale was referred to as the "Lower 
Mowry," "Black Mowry 1" "Nefsy Shale," and the "Upper 
Thermopolis. " Finally in 1960, Eicher proposed the term Shell 
Creek Shale and named the type exposure which outcrops to the 
east of the study area. 
The Shell Creek Shale is composed of dark shale which is 
interbedded with layers of bentonite and ferruginous silt-
stone. The shale is brown to black and a nonresistant slope 
former. The weathered surface is characterized by a 
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bentonitic texture, and by the presence of thin fragments of 
selenite. During seasonal aridity, soluble calcium, sodium, 
and magnesium salts rise to the surface and precipitate, 
locally obscuring the black shale. 
The bentonite beds, approximately two feet thick, 
weather white, whereas the fresh material is olive green in 
color. Hewett (1917) first suggested that bentonite is a 
product of in situ alteration of volcanic ash and later, Grim 
(1968) described the Formation of bentonite in detail. 
Thin beds of resistant, ferruginous siltstone usually 
occur in the lower portion of the formation while lenses of 
sublitharenite up to two feet thick, characterize the upper 
portion (Fig. 13). The poorly exposed sublitharenite lenses 
are light brown, fine-grained, calcareous, and usually dis-
play lamination and cross-bedding. 
The Muddy-Shell Creek contact is usually gradational in 
this area. The writer, however, has placed the contact 
immediately beneath a thin bentonite bed at the measured. 
exposure. 
During Shell Creek sedimentation, the northern sea 
continued its southern advance, but not to a comparable depth 
during upper Thermopolis deposition (Eicher, 1960). This is 
reflected by the presence of the lenticular sublitharenite 
and thin-bedded ferruginous siltstone beds. The thin layers 
of bentonite represent renewed western volcanic activity, 
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which initially became evident during the deposition of the 
Muddy (Eicher, 1960). Eicher (1960) also believed that 
tectonism to the west produced the northward tilting of the 
B~ghorn Basin and the reoccurrence of the structural high 
south of the state of Kansas, which again restricted the 
advancement of the southern sea. 
MOwry Shale The MOwry Shale upholds a prominent 
cuesta on the east flank of Sheep Mountain and a less impres-
sive hogback in the southwest portion of the study area. 
Approximately 348 feet of the Mowry occurs at the measured 
exposure. 
Darton (1904) assigned the term "Mowrie" to a sequence 
of siliceous sediments located at Mowrie Creek, northwest of 
Buffalo, Wyoming. Cobban and Reeside (1951) and Reeside and 
Cobban (1960) established the age of the Mowry as latest 
Albian and possibly earliest Cemmonian on a basis of ammonites. 
Other nomenclature questions were finally settled when Eicher 
(1960) proposed formational status for the Shell Creek Shale. 
An alternating sequence of resistant and nonresisting 
shale interbedded with thin bentonite and sublitharenite beds 
comprises the Mowry Shale (Fig. 14). The resistant shale, 
often called porcelanite, is silver-gray, siliceous, and well-
indurated. It is often fissile, locally stained by limonite 
and contains numerous fish scales. The less resistant shale 
is brown to gray, and often contains soluble salts on its 
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Fig. 14. Graphic section of the Mowry Shale. 
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weathered. surface. Several thin-bedded, gray, fine-grained 
sublitharenite units, which occur near the top of the forma-
tion, exhibit small scale cross-bedding and lamination. 
Several distinctive bentonite layers, similar to those 
of the Shell Creek, vary in thickness from two to five feet 
and uphold small, resistant ridges whose weathered surfaces 
display a popcorn-like texture. Rioux (1958) recognized a 
prominent five foot bentonite bed (Clay Spur Bentonite) near 
the top of the Mowry, which is also present in the study area 
(Fig. 14), but often obscured by talus from the overlying 
Peay Sandstone of the Frontier Formation. Haun and Barlow 
(1962) have suggested that the lower sandstone beds of the 
Frontier interfinger with the upper part of the Mowry in the 
northern Bighorn Basin, allowing for the possible correlation 
of the Clay Spur Bentonite with the distinctive bentonite 
unit above the Peay Sandstone. 
The basal contact is gradational with the underlying 
Shell Creek Shale and is easily recognized by the presence of 
vegetation. The nonresistant Shell Creek Shale is black, 
whereas the resistant Mowry Shale is bluish-gray in color. 
The Mowry is transected by two of the three clastic dikes 
present in the study area. Fisher (1906) initially described 
the occurrence of several clastic dikes west of Sheep Mountain, 
and more recently, Rioux (1958) and Warner (1968) studied them 
in greater detail. The three clastic dikes are located in 
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SE ~ Sec. 28, T.54N., R.93W., SE ~ Sec. 36, T.54N., R.94W., 
and SW ~ Sec. 14, T.53N., R.93W. (Fig. 3). The most prominent 
one can be traced for 2000 feet and continues out of the study 
area in a northwest direction. The other two are only exposed 
for short distances, truncating the underlying Shell Creek 
Shale and the Muddy Sandstone. 
The clastic dikes are easily recognized by their dis-
cordant relationship with the adjoining formations, horizontal 
displacement and overlap, and vertical walls which occasionally 
display slickensides. They are composed of a brown to gray, 
fine- to medium-grained litharenite that varies in thickness 
from one to four feet (Rioux, 1958). Several clastic dikes 
on the west flank of Sheep Mountain, just north of the study 
area, contain black chert clasts. 
Fisher (1906) originally stated that the sands for the 
clastic dikes originated from the Cloverly and were forced 
upward into the overlying shale by pressure. In 1927, Russell 
related their origin to tectonism, and later Lemish (1958) 
proposed inj ection filling of the fractures from above. 
Recently, Smith (1962) and Warner (1968) postulated downward 
fracture injection during the early stages of tectonism. Both 
Rioux (1958) and Warner (1968) eliminated the Muddy as a pos-
sible source because no clastic dikes truncate it. However, 
the writer disagrees, after having mapped a clastic dike that 
transects both the Shell Creek and Muddy. 
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A decrease in the rate of clastic sedimentation and the 
gradual subsidence of the area typified the deposition of the 
Mowry in a slightly deeper neritic environment than the Shell 
Creek (Eicher, 1960). Several interesting origins were pro-
posed by early workers. In 1921, Kemp and Billingsley sug-
gested that the Mowry was a very fine. grained sandstone 
deposited during a sudden shoaling of the sea, while Reeves 
(1924) postulated deposition by wave and current action. 
Further studies led Washburne (1923) to believe that the Mowry 
was an "impure shaly chert" containing silica reprecipitated 
from Radiolaria tests. 
Ruby (1928) expanded on Washburne's (1923) ideas and 
concluded that the shale was more resistant directly beneath 
the bentonite layers. He assumed that the volcanic ash, which 
contained a large amount of silica, had been subjected to 
chemical alteration which led to the development of the sili-
ceous shale. 
A large number of nonsiliceous shale units occur within 
the Mowry (Fig. 14) I probably representing periods of volcanic 
quiescence. The thin sublitharenite beds are probably indica-
tive of slight sea recessions or the influx of coarser sedi-
ments transported by tectonically rejuvenated streams. 
Late Cretaceous 
Frontier Formation The Frontier Formation upholds 
the distinctive dip slope of the Mowry cuesta in the eastern 
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part of the study area and also forms a prominent bluff 
adjacent to the Big Horn River near Greybull, Wyoming. This 
Cenomanian and Turonian Formation (Siemers, 1975) is approxi-
mately 452 feet thick. 
In 1902, Knight proposed and described the type exposure 
near the coal-mining town of Frontier in southwestern Wyoming. 
Further study led Washburne (1907) to differentiate two sand-
stones, Sandstone "A" and Sandstone "B,!! which Hintz (1914) 
later renamed the Peay and Torchlight, respectively. This 
terminology was initially introduced into the Bighorn Basin 
by Lupton (1915). More detailed studies were carried out by 
Cobban and Reeside (1952), Goodell (1962), and Stensland 
(1965) • 
The Frontier Formation consists of sublitharenite and 
litharenite interbedded with shale and several thin bentonite 
uni ts as illustrated in Fig. 15. The basal part of the Forma-
tion contains a poorly exposed sequence of thin, interbedded 
light brown sublitharenite, litharenite, and dark gray to 
black shale. The overlying Peay Sandstone is composed of a 
light brown, fine- to medium-grained litharenite that often 
displays cross-bedding, ripple marks, and lamination. It is 
usually well-indurated, however, the upper portion of the 
Peay at the measured exposure displays moderate induration. 
The Peay is approximately 112 feet thick and contains a 25 
foot interval of large, dark brown, fine-grained calcareous, 
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Fig. 15. Graphic section of the Frontier Formation 
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and ferruginous sublitharenite concretions. Rioux (1958) 
stated that the upper six feet of the Peay is conglomeratic, 
and often capped by a black chert conglomerate. No such unit 
was recognized, leading the writer to believe that it may 
have been removed by Quaternary stream denudation. 
Above the Peay, there is 15 feet of poorly exposed, thin-
bedded shale and sublitharenite, similar in composition to 
those previously discussed. It is overlain by a persistent, 
six foot bentonite layer known as the Stucco Bentonite (Rioux, 
1958). The remainder of the formation is composed of a 
sequence of nonresistant sublitharenite, litharenite, shale, 
and bentonite beds which are capped by the Torchlight Sand-
stone. The Torchlight consists of a gray to brown, fine- to 
medium-grained, moderately-indurated litharenite, containing 
an interval of brown concretions similar to those in the Peay 
Sandstone. 
The Mowry-Frontier contact is defined by the lithologic 
change from an interbedded siliceous shale and sublitharenite 
sequence to a litharenite (Peay Sandstone). In some places, 
the basal Frontier contains a poorly exposed sequence of 
interbedded sublitharenite, litharenite, and nonsiliceous 
shale (Fig. 15). This contact usually occurs immediately 
below the crest of the Mowry cuesta, which is often obscured 
by Peay Sandstone talus. 
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According to most authors, the sandstone of the Frontier 
represent several major advances and retreats of the very 
shallow late Cretaceous sea (Goodell, 1962; Stensland, 1965). 
Further tectonism in central Idaho provided an influx of sedi-
ments to northwest Wyoming, which were deposited in a near-
shore environment as typified by the Peay Sandstone. The 
interbedded shale and sandstone below the Peay Sandstone is 
indicative of littoral or tidal deposition in a rapid westward 
receding sea (Van Houten, 1962). Hunter (1952) and Van Houten 
(1962) have postulated that the chert clasts capping the Peay 
Sandstone were possibly derived from a local "highll in the 
northern Big Horn Mountains. Hunter suggested that the clasts 
were transporte~ by tectonically rejuvenated streams to the 
nearby sea and subsequently deposited in a nearshore environ-
ment. 
The overlying shale and fine-grained sandstone represent 
the renewed transgression of the sea. Goodell (1962) believed 
that the lenticular "Middle Sandstone ll was deposited by even 
further sea advances. Several thick bentonite units represent 
the rapid accumulation of volcanic ash from the west. 
The Torchlight Sandstone, which accumulated in a major 
deltaic environment (Hunter, 1952), marks the eastern most 
transgression of the late Cretaceous sea, which extended to 
the Black Hills (Masters, 1952). According to Hunter (1950, 
1952) and Van Houten (1962), local uplift in the northern Big 
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Horn Mountains region produced the nearby source of the ande-
site and chert clasts that cap the Torchlight Sandstone. 
Although no andesite has been reported in the Big Horn region, 
Hunter (1952) and Van Houten (1962) have speculated that the 
andesite source has been removed by erosion or has not been 
reported in the literature. The evidence supporting this 
interpretation, based solely upon the distribution and size-
range of the clasts, seems inconclusive in the writer's 
opinion. As denudation continued in the Idaho source area, 
the stream declivities decreased, allowing for the deposition 
of the Cody shale in a deeper sea. 
Cody Shale I The poorly exposed Cody shale, designated 
as Coniacian and Santonian in age (Merewether et al., 1975), 
forms several prominent valleys in the southwest portion of 
the quadrangle. The Cody has been partially preserved by the 
resistant overlying Quaternary terrace gravel, allowing for a 
very approximate measured thickness of 3250 feet. 
The term Cody was introduced by Lupton (1915) for an 
exposure ,near Cody, Wyoming, and later Haas (1949) assigned 
it an early late Cretaceous age, based on ammonites collected 
near Greybull, Wyoming. Further studies by Cobban (1951) and 
Fox (1954), who studied ammonites and foraminifera, respec-
tively, substantiated this age. 
The lower portion of the Cody is mainly light to dark 
gray shale that contains dark brown septarian concretions that 
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are composed of calcareous sublitharenite. The concretions 
vary from one to three feet in diameter and occur approxi-
mately 10 feet above the basal contact. Several thin, 
calcareous, light brown, fine-grained, and poorly indurated 
sublitharenite beds are sporadically situated throughout the 
shale. Gray shale, containing occasional concretion layers 
and numerous, thin calcareous sublitharenite beds, typifies 
the upper portion of the formation. According to Rioux 
(1958), many of the concretions are fossiliferous and contain 
well-preserved cephalopod, gastropod, and pelecypod specimens. 
The basal contact of the Cody has been placed at the top 
of the Torchlight Sandstone of underlying Frontier Formation. 
Stensland (1965) has described a two to ten foot chert and 
andesite conglomerate at the top of the Torchlight Sandstone, 
which is often absent in the study area, due to Quaternary 
fluvial processes. 
The Cody sedimentation typifies a deepening of the sea 
after the nearshore deposition of the Torchlight Sandstone. 
The presence of thin sublitharenite units reflects sea 
recessions caused by minor orogenic uplifts. Keefer and Rich 
(1957) suggested that the boundary between the Cody and the 
Mesaverde should mark. the change· between offshore and near-
shore environments of deposition •. 
Mesaverde Formation Gravel-capped exposures of the 
Campanian Mesaverde Formation (Asquith, 1970) crop out along 
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Little Dry Creek, forming escarpments above the less resistant 
Cody Shale. It has an average thickness of 1280 feet in the 
study area. 
Homes (1877) designated the type locality for the Forma-
tion in southern Colorado.. Hewett (19l2) referred to the unit 
as the Gebo Formation, but authors such as Pierce and Andrews 
(194l) considered it the Mesaverde Formation in the Bighorn 
Basin. 
The lower portion of the Formation consists of an 
alternating sequence of interbedded sublitharenite and shale 
units which is overlain by a distinctive light brown, 
resistant, medium-grained sublitharenite approximately 86 feet 
thick. The remainder of the Mesaverde is mainly interbedded 
gray shale, nonresistant thin sublitharenite beds, and thicker, 
resistant sublitharenites containing calcareous, dark brown, 
ferruginous concretions up to five feet in diameter. The 
shale in the upper Mesaverde is carbonaceous and occasionally 
associated with thin coal beds. The Formation is capped by a 
resistant, coarse-grained, laminated sublitharenite approxi-
mately 65 feet thick. 
The contact between the underlying Cody and the Mesaverde 
Formation. is gradational. It was placed at the base of the 
lowest resistant sublitharenite in the Mesaverde Formation. 
The Mesaverde sediments were deposited in nearshore 
environments as is reflected by the lenticular nature of the 
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terrestrial units (Keefer and Rich, 1957). According to 
Masters (1967), the nearshore environments included alluvial, 
paludal, lagoonal, littoral, and neritic. The resistant 
sub1itharenite beds that display lamination and cross-bedding 
are probably littoral deposits and the thin, carbonaceous 
shales represent paludal deposition in an alluvial environ-
ment (Masters, 1967). 
Meeteetse Formation The Meeteetse Formation of 
Campanian age (Asquith, 1970) also outcrops along Little Dry 
Creek in the southwest portion of the quadrangle. A tentative 
thickness of 960 feet has been measured. 
Hewett (1912) first used the term Meeteetse for an 
exposure near Meeteetse, Wyoming, in the southeastern Bighorn 
Basin. Keefer and Rich (1957) have suggested that Meeteetse 
Formation is nonmarine, while its equivalent to the east, the 
Lewis Formation is of marine origin. 
Poorly consolidated sub1itharenite, 1itharenite, silt-
stone, shale, and bentonite beds comprise the lower portion 
of the Meeteetse. The base is characterized by nonresistant, 
• gray, fine-grained sub1itharenite beds, which contain dark 
brown, ferruginous sub1itharenite concretions, and is inter-
bedded with thin brown, calcareous shale. The remainder of 
the lower Meeteetse is composed of nonresistant 1itharenite 
and sub1i thareni te units. The upper part of the Formation 
consi~ts mainly of resistant, light brown sub1itharenite beds 
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that contain large dark brown, ferruginous sublitharenite 
concretions (Fig. Ie). These beds are overlain by less 
resistant, thin sublitharenites and alternating brown carbona-
ceous beds. Thin coal seams are occasionally associated with 
the carbonaceous shales. The basal contact is placed at the 
change from the resistant sublitharenite of the Mesaverde to 
the nonresistant sublitharenite and carbonaceous shale beds 
of the Meeteetse (Rioux, 1958). 
The Meeteetse Formation is considered nonmarine in this 
portion of the Bighorn Basin (Downs, 1947; Keefer and Rich, 
1957). Rioux (1958) has suggested that the poorly consoli-
dated sandstones and carbonaceous shales of the lower Meeteetse 
are nonmarine, whereas the resistant sandstone and thin 
alternating shale beds of the upper Meeteetse are of marine 
origin. The presence of thin carbonaceous shale and coal beds 
has led the writer to question Rioux's (1958) hypothesis. 
Lance Formation Terrace gravels have preserved 
exposures of the Lance Formation, designated as Maestrichtian 
in age (Asquith, 1970), along Little Dry Creek. A thickness 
of 1192 feet has been measured, which is twice the thickness 
reported by Rioux (1958). 
Hatcher (1903) defined the type locality along a creek 
bed in Converse County, Wyoming. In 1954, Yenne and 
Pipiringos (Keefer and Rich, 1957) designated the term Lance 
for exposures of the uppermost late Cretaceous age in the 
Wind River Basin. 
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The base of the Formation consists of a resistant, white 
cliff-forming sublitharenite that contains large, dark brown, 
ferruginous sublitharenite concretions and dinosaur bone 
fragments. The remainder of the Formation consists chiefly 
of alternating gray, brown, and black carbonaceous shale, 
thin coal beds, and resistant concretion-bearing sub-
litharenite units. A distinctive, white, fine- to medium-
grained, well-sorted quartz arenite, approximately 42 feet 
thick, is situated 12 feet below the upper contact. 
The Meeteetse-Lance contact is marked by a change from a 
less resistant, light brown, concretion-bearing sublitharenite 
to a very resistant, gray to white, cross-bedded, concretion-
bearing sublitharenite of the basal Lance Formation. Numerous 
dinosaur bone fragments characterize this basal unit in the 
study area. 
Asquith (1970) has interpreted the carbonaceous shales 
and thin coal beds to be of lagoonal to paludal origin. He 
also stated that the lenticular sub1itharenite units possibly 
represent channels of a fluvial or nearshore environment. 
Tertiary 
Fort Union Formation The Paleocene Fort Union Forma-
tion, outcrops in the extreme southwest portion of the quad-
rangle. The reported thickness of the Fort Union in the Big-
horn Basin is approximately 3500 feet (Jepsen and. Van Houten, 
1947). 
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Meek and Hayden (1862) initially named the Fort Union 
Formation for a sequence of brackish to lacustrine sediments 
situated in the Nebraska Territory. Jepsen (1940) and Jepsen 
and Van Houten (1947) later renamed it the Polecat Bench Forma-
tion for an exposure at Polecat Bench, to the north of the 
study area. However, this nomenclature has not been 
recognized by the U.s. Geological Survey. 
Only the lower 200 feet of the basal Fort Union crops 
out in the study area. It consists mainly of light gray, 
fine- to medium-grained, calcareous sublitharenite and 
litharenite beds that contain dark brown, ferruginous, cal-
careous concretions. They are interbedded with carbonaceous 
shale, gray shale, and several thin coal beds usually less 
than one foot thick (Rioux, 1958). According to Rioux (1958), 
the remainder of this poorly exposed Formation is primarily 
composed of gray shale, brown carbonaceous shale, and thin 
lenticular sandstone beds. 
The basal contact is defined by a lithologic change from 
a light brown, calcareouS, sublitharenite of the underlying 
Lance Formation to a white calcareous litharenite of the Fort 
Union Formation. This contact is unconformable and has been 
described as an angular unconformity in the Dry Creek area 
(Hewett and Lupton, 1917; Rioux, 1958). At Little Dry Creek, 
an angular discordance of about 12 degrees has been observed 
(Fig. 4e). The upper contact has been recognized by a 
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lithologic change to the sandstones and variegated siltstones 
and mudstones of the early Eocene Willwood Formation (Jepsen, 
1940; Van Houten (1944); Neasham, 19671 Neasham and Vondra, 
1972}. 
After Laramide tectonism and post-Lance denudation, the 
Fort Union sediments were deposited in paludal and alluvial 
environments (Van Houten, 1957; Keefer and Rich, 1957; Newman, 
1965). The coarser-grained lenticular sublitharenite and 
litharenite units of channel origin were derived from nearby, 
recently uplifted Mesozoic source areas (Keefer and Rich, 
1957). 
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STRUCTURE 
Introduction 
The Greybull North Quadrangle is located along the 
eastern margin of the Bighorn Basin, an oval-shaped depression 
of Laramide origin. The general northwest-southeast struc-
tural trend, which coincides with the regional trend of the 
basin, is depicted by the folds in the Sheep Mountain area. 
Darton (1906) and Fisher (1906) referred to this folded area 
as the "Sheep Mountain Uplift." The fractures in the study 
area generally trend northeast-southwest, perpendicular to 
the regional trend. The sediments to the east and west of 
the fold belt dip in a westward direction (Rioux, 1958). In 
this quadrangle, the basic structural framework consists of 
portions of two major anticlines, Sheep Mountain and Crystal 
Creek anticlines, separated by a small tightly folded syn-
cline. Structural relationships are illustrated by the geo-
logic map (Fig. 3) and the cross-sections (Fig. 16). 
Folds 
Sheep Mountain anticline 
Sheep Mountain is an asymmetric, doubly-plunging, 
breached anticline whose axial trace forms an arcuate pattern 
Concave towards the southwest (Fig. 3). The axis has bearings 
of N40W and S30E that plunge 10 degrees southeast and two 
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Fig. 16. Geologic cross-sections of the Greybull North 
Quadrangle 
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degrees northwest, respectively, from a reversal point located 
in the NE~ Sec. 17, T.53N., R.93W. The axial plane, which 
dips 89 degrees west and strikes approximately S30E (Fig. 
16d), is defined by dips of 10 to 20 degrees on the west 
flank and 50 to 90 degrees on the east flank. The Dupe row , 
exposed in the Big Horn River Canyon (C. F. Vondra, Iowa 
State University, personal communication, 1976), is the 
oldest exposed formation in the breached anticline, while the 
Fort Union Formation on the west flank is the youngest. 
According to Rioux (1958) there are two structural highs 
along the axis of Sheep Mountain represented by the closure 
of the 5000 foot contour. One high is situated in the SW~ 
Sec. 8, T.53N., R.93W., while the high to the northwest seems 
to be related to the convergence of a small, subsidiary 
anticline with Sheep Mountain (Rioux, 1958). This convergence 
is ,reflected by a slight eastward bending of the axial trace 
in the NW~ Sec. 1, T.53N., R.94E. 
The portion of Sheep Mountain situated in this study 
area displays approximately 400 feet of closure as illustrated 
by the structure contour map drawn on the top of the Tensleep 
Formation (Fig. 17). ,An additional 100 feet of closure can 
be estimated by projecting the upper contact of the Tensleep 
along the north nose of Sheep Mountain. 
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Fig. 17. Structure contour map on top of the Tens1eep 
Sandstone 
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Small syncline 
A small, asymmetric syncline, situated between Sheep 
Mounta~n and Crystal Creek anticlines (Fig. ld), gains 
prominence in the SE~ Sec. 6, T.53N., R.93W. and plunges due 
north parallel to the axial trace of Crystal Creek anticline. 
However, field observations indicate that the axial trace of 
the syncline also follows a N40W bearing between Sheep Moun-
tain and Spence Dome. Andrews et ale (1947) mapped this 
feature as two separate structures, ending the N40W trending 
syncline at the northern margin of the Big Horn River flood-
plain.The writer believes that the axial trace bifurcates 
in the NW~ Sec. 36, T.54N., R.93W., but alluvium has obscured 
this detail. The northern axial plane of the syncline dips 
86 degrees west as defined by 30 to 70 degree dips on the 
west flank and 20 to 40 degree dips on the east flank (Fig. 
l6a). Approximately 100 feet of Mowry outcrops in the core 
of this syncline. 
C;ystal Creek anticline 
The south nose of Crystal Creek anticline terminates in 
the S~ Sec. 5, T.53N., R.93W., but in contrast with the other 
folds of this area, its axial plane dips to the east at 
approximately 20 degrees (Fig. l6a). The beds on the western 
flank display a steeper dip than do those on the eastern 
flank, which form part of the western flank of the broad 
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syncline that extends east to the base of the Big Horn 
Mountains (Rioux, 1958). The oldest strata in this anticline, 
exposed along Dry Bear Creek (S~ Sec. 30, T.54N., R.93W.), is 
the upper part of the Red Peak Formation. 
Fractures 
Faults 
Several small faults are present in the northwest portion 
of the quadrangle (Fig. 4a), but only those faults with an 
apparent displacement of greater than 10 feet were mapped. 
The majority of the faults trend from NIOE to N30E. The 
largest fault, situated in the W~ Sec. 6, T.53N., R.93W., 
displays 20 feet of apparent displacement for a distance of 
1500 feet. A series of small, unmapped normal and reverse 
faults were observed in the upper carbonate beds of the 
Phosphoria along the east flank of Sheep Mountain. Many of 
the faults appear to only affect the more competent units, 
and apparently die out in the less competent units. 
Joints 
The majority of the competent units in the study area 
display joint sets (Fig. lb). Willis and Willis (1934) and 
Badgley (1965) have described three types of joints based 
upon their geometric orientation relative to the fold axes 
and the principal stress axes (Fig. 18), all of which have 
been recognized in the Sheep Mountain area (Johnson et al., 
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Fig. 18. Geometric orientation of longitudinal, cross, and 
diagonal joints relative to fold axis and to 
principal stress axes (Modified after Willis and 
Willis, 1934) 
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1965). They defined longitudinal joints as those which 
parallel the fold axes and display steep dips, whereas cross 
joints, characterized by steep dips, occur normal to the fold 
axes. Billings (1972) has referred to cross joints as exten-
sion joints formed by a slight elongation parallel to the 
fold axes. Diagonal joints usually occur in paired sets that 
intersect the longitudinal joints at a greater acute angle 
than they do with the cross joints. Their dips are generally 
steep. 
Two major joint trends have been observed in the study 
area: N60W to N85W and N60E to N85E. Other joint trends 
exist, but have not been differentiated. 
Origin of Fractures 
Since the maximum stress directions can be observed from 
field evidence, it is possible to relate them to the origin 
of the fractures. DeSitter (1964) has described the fractur-
ing that develops in competent units under moderate stress. 
Under initial deformation, shear fractures form an acute angle 
that is bisected by the maximum stress (regional stress) and 
the tensional fractures develop parallel to the direction of 
maximum stress (Fig. 19a). 
With increased deformation, the competent units are 
folded and secondary stresses develop. Local tensional 
stresses, normal to the fold axis, have produced joints 
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Fig. 19a. Shear and tension joints developed in an unfolded 
sheet of rock (Modified after DeSitter, 1964) 
Fig. 19b. Origin of joint and fault patterns in an 
adjoining anticline and syncline (Modified after 
DeSitter, 1964) 
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parallel to the fold axis along the outer periphery of anti-
clines (DeSitter, 1964). Just the opposite would be expected 
in a syncline with local compressional stresses created normal 
to the fold axis. In both cases, a set of shear fractures 
result when the acute angle bisected by the secondary maximum 
stress, but in different positions relative to the fold axes 
(Fig. 19b). 
Release fractures often develop parallel to the fold axis 
under maximum stress, and normal to the fold axis with 
secondary maximum stress after deformation has ceased. This 
fracture pattern is a product of lithology, length of time 
under active stress, location on the structure, and competency 
of the unit with progressive deformation (Warner, 1968). 
The fracture pattern at Sheep Mountain had a complex 
history of formation. Most of the faults and major jOint 
trends are products of shear stresses. Warner (1968) has 
described two shear sets: one oriented with the acute angle 
normal to the fold axis and the other with the acute angle 
parallel to the fold axis. The presence of both sets is sug-
gestive of formation during the early stages of folding, with 
the latter set developing at a later stage in the folding 
history (DeSitter, 1964). 
The tensional cross joints were created by longitudinal 
stretching parallel to the fold axes and by the release of 
secondary stresses (Billings, 1972). Many of the longitudinal 
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joints are products of fracturing normal to the release 
direction of the maximum stress and by the development of 
local tensional fractures along the outer periphery of folds 
(Badgley, 1965). 
Warner (1968) contended that the fracture pattern at 
Sheep Mountain was established early during the folding 
history. However, Price (1966) believed that shear fractures 
with vertical dips, especially in unfolded rocks, are not 
common products of deformation, but are related to the post-
deformational release of residual stresses with denudation of 
the overlying strata. The writer is of the opinion that the 
fracture pattern at Sheep Mountain was primarily established 
during an early stage of folding, but does not rule out the 
possibility of post-genetic development. 
Origin of Folds 
The folds in the Sheep Mountain area were formed by 
compressional stresses during Laramide deformation. Thomas 
(1949), Warner (1968), and other authors have related the 
deformation to the horizontal west-southwest compressional 
thrusting of the Cordilleran miogeosyncline upon the stable 
shelf. Many of the asymmetric folds, such as those in the 
eastern Bighorn Basin, may have been developed by "Basin 
Mechanics, II a term coined by Thorn (1923). Fanshawe (1939) 
applied this concept to 
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formation of near-surface thrusts and super-
jacent asymmetric folds in consequence of the 
flexing into basin form of massive, competent, 
rock units either devoid of bedding planes, or 
lacking enough bedding to permit easy and well 
distributed bedding-gliding of successively 
higher layers toward the rim as a basin depres-
sion developed in consequence of general 
regional compression. 
According to this concept, many of the folds are considered 
surficial reflections of high angle or reverse thrust faults 
present in the Precambrian basement complex, .implying 
dominantly vertical movement rather than regional horizontal 
compression (Fanshawe, 1939, 1971; Osterwald, 1961; Prucha 
et al., 1965). Other authors such as Rioux (1958) and Hoppin 
and Palmquist (1965) have suggested that many of the folds 
have resulted from post-Precambrian regional stresses, with 
minor influence from the Precambrian basement. It is the 
belief of the writer that the asymmetric folding in the Sheep 
Mountain area may have developed in response to the movement 
of fault-bounded basement blocks or possibly as a result of 
post-Precambrian deposition on an erosional high. 
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ECONOMIC GEOLOGY 
Oil and Gas 
Seven oil and gas wells have been drilled within the 
Greybull North Quadrangle, but all were unsuccessful or 
abandoned. The name, location, and the year of the test for 
the wells are presented in Table 1. The horizons of greatest 
interest, often productive in this part of the Bighorn Basin, 
occur in the Madison, Amsden (Darwin Sandstone), Tensleep, 
r 
and Phosphoria formations (Rioux, 1958). Five of the well 
{. 
sites are situated near the axis of Sheep Mountain anticline. 
The two wells located in Sec. 17, T.53N., R.93W. were unsuc-
cessful, reporting neither a show of oil or gas. The 
remaining two wells occur along the axial trace of Crystal 
Creek Anticline. According to Rioux (1958), the test well in 
the SE~, SE~ Sec. 7, T.54N., R.94W. penetrated the Madison 
Limestone at a depth of 1440 feet and reported a show of oil. 
However, there is no evidence of recent work at this site. 
Coal 
Several thin coal beds, often associated with thicker 
carbonaceous shale, are found in the Mesaverde, Meeteetse, 
... 
Lance, and Fort Union formations. The thickness of these 
beds in combination with the steep dip of the limited 
exposures in the study area has reduced the possibility of 
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Table 1. Oil and gas wells drilled in the Greybull North 
Quadrangle, Big Horn County, Wyoming 
Location 
Name Fraction Section T. R. Year of 
test 
Metz-Smith #1 NE~SW~ 4 52N 93W 
Onnaghen #1 
Govt. NW~NE~ 10 52N 93W 
Sheep Mountain 
Oil Corp #1 Govt. NW~SE~ 17 53N 93W 1948 
Soujourner Exploration 
Oil Co. #1 Federal NW~NE~ 17 53N 93W 1969 
True Oil Co. SW~SE~ 27 53N 93W 
v. Ziegler #1 
Govt.-Iris SE~SE~ 30 54N 93W 1955 
Carney Inc. #1 S~1tiSE1ti 31 54N 93W 
commercial exploitation. Most of the coal in the Bighorn 
Basin is ranked subituminous (Glass et al., 1975). 
Bentonite 
'The bentonite, which usually forms a resistant ridge in 
relation to the adjacent shales, is characterized by a 
"popcorn-liken weathered surface in the Greybull North 
Quadrangle. The weathered bentonite is white and displays a 
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blocky, conchoidal fracture pattern, whereas the unweathered 
bentonite is olive green to yellowish-green and has a soft, 
waxy consistency. This sodium-rich clay is capable of 
swelling in water and displays a high dry-bond strength 
(Wolfbauer, 1975). 
Several prominent bentonite beds occur in the Shell 
Creek, Mowry, and Frontier formations. Other thinner 
bentonite beds, generally of poorer quality, occur in the 
Cody, Meeteetse, and Fort Union formations (Rioux, 1958). 
Their thicknesses, distributions, and relationships have been 
discussed in the previous section. 
The Stucco Bentonite Bed, which overlies the Peay Sand-
stone of the Frontier Formation, is the only unit presently 
under commercial production. It is approximately six feet 
thick in the study area and thickens northward to 10 feet 
(Rioux, 1958). 
Wyo-Ben Products, Inc., and Dresser Industries introduced 
large-scale bentonite mining and processing into this area in 
the early 1950's (Wolfbauer, 1975). Wyo-Ben is presently 
mining and processing bentonite in the Stucco Siding area, 
immediately west of the quadrangle. Dresser Industries is 
actively developing several locations in the northeastern part 
of the study area and is operating a large processing mill in 
the SE~ Sec. 33, T.53N., R.93W. and the NE~ Sec. 5, T.52N., 
R.93W. 
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The majority of the bentonite units are gently dipping, 
which allows for extensive strip mining operations: however, 
Wolfbauer(1975) has reported an area along the west flank 
of Sheep Mountain where bentonite beds with dips greater than 
35 degrees have been mined. Trucks haul the bentonite to 
processing mills, which then is 'shipped by rail to market. 
Bentonite is used in the manufacturing of iron ore pellets~ 
foundry sands, and drilling muds along with a multitude of 
other uses (Wolfbauer, 1975). 
Many of the thick bentonite beds in this area are 
situated in the steeply dipping scarp face of the cuesta up-
held by the Mowry and are overlain by a large quantity of 
overburden, which reduces the possibility of strip mining. 
The Clay Spur Bentonite Bed, located near the top of the 
Mowry, seems to represent the most promising prospect for 
future production. 
Gypsum 
Several extensive thick deposits of gypsum, initially 
described by Lupton and Condit (1916), are found in the 
Phosphoria, Dinwoody, and Gypsum Springs formations. The 
massive gypsum bed at the base of the Gypsum Springs Forma-
tion, with an average thickness of 50 feet, is the most 
promising prospect in the Sheep Mountain area. Thin red and 
green shale partings have been reported in this unit (Rioux, 
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1958), possibly detracting from its commercial usefulness. 
Although the writer has not observed these thin partings, the 
presence of collapse breccia along the east flank of Sheep 
Mountain would probably discourage commercial production. 
However, gypsum is being commercially developed to the north 
of the quadrangle near Himes, Wyoming. 
Gravel 
A number of gravel deposits, many of which cap terraces, 
are present in the quadrangle and a few pits have been opened 
to supply materials for local road repairs. Two of the larger 
gravel pits are located in the NW~ Sec. 4, T.52N., R.93W. and 
the NE~ Sec. 29, T.53N., R.93W. 
uranium 
Although several uranium claims have been staked in the 
Morrison and Cloverly formations along the south nose of 
Sheep Mountain, there has been no commercial production. In 
a 1954 publication by Finnell and Parrish (Rioux, 1958), three 
localities to the north of the study area reported chemical 
assays of 0.01 percent of uranium or uranium minerals. 
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SUMMARY 
The Greybull North Quadrangle, situated in Big Horn 
County, Wyoming, is part of the Middle Rocky Mountain physio-
graphic province. The study area is located on the eastern 
margin of the Bighorn Basin, which is primarily thought to be 
a product of Laramide origin. However, throughout most of 
geologic time, northwest Wyoming has been a part of larger 
sedimentary basins situated on a stable shelf to the east of 
the Cordilleran miogeosyncline and subjected to repeated 
pe~iods of local deformation, deposition, emergence, and 
denudation. 
Nearly all of the Paleozoic was characterized by repeated 
transgressive and regressive cycles separated by pauses of 
emergence and denudation. The middle Cambrian Flathead Sand-
stone documents the initial eastward marine transgression 
over the eroded Precambrian basement complex. As the sea 
deepened, a sequence of interbedded glauconitic limestone, 
sandstone, and shale of the middle Cambrian Gros Ventre and 
Gallatin formations conformably accumulated. Western Wyoming 
emerged during the early Ordovician, but the sea readvanced and 
and aeposited the Bighorn Dolomite. During the Silurian, no 
deposition occurred in Wyoming. A renewed transgression led 
to the unconformable deposition of the interbedded dolomite, 
glauconitic shale, and thin sandstone of the late Devonian 
Duperow Formation. 
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During the early Mississippian, the Madison Limestone 
precipitated in a semi-restricted marine environment that was 
bounded by two positive areas: Alberta and northern Colorado-
northwestern Nebraska. The early Pennsylvanian Darwin Sand-
stone of the Amsden Formation, a fluvio-deltaic deposit, 
filled in the irregular karst surface that had developed on 
the Madison, while the overlying variegated shales and silt-
stones were deposited in shallow tidal flat and restricted 
bog environments. The uplift of the Ancestral Rocky Mountains 
to the south led to the deposition of the Tensleep sediments 
in regressive littoral and neritic environments. By late 
Pennsylvanian, the Ancestral Rockies had become a prominent 
relief feature, causing the denudation of the Tensleep Sand-
stone and its equivalents. 
A transgressive sea filled in the irregular post-Tensleep 
surface with Phosphoria lagoonal and backreef siltstones 
during the middle Permian. The thick, upper carbonate sequence 
of the Phosphoria probably developed in a barrier island com-
plex similar to those in the Bahamas today. Tidal flat and 
semi-restricted basin depositional environments continued into 
the early Triassic as evidenced by the fine-grained sediments 
of the Dinwoody and Red Peak formations. 
The massive gypsum, mudstone, shale, and thin carbonate 
beds of the Gypsum Springs Formation characterized the 
continuation of nearshore sedimentation during the middle 
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Jurassic. After a brief period of emergence, the lagoonal 
siltstones and mudstones and nearshore carbonates of the 
"Lower Sundance" were deposited. Emplacement of the Idaho 
Batholith to the west may have caused a brief recession; 
however, with renewed transgression, the siltstones of the 
"Upper Sundance" accumulated in a lagoonal environment, while 
the coquinoid, glauconitic sandstones were deposited in 
current-agitated, storm~generated nearshore environments. As 
the late Jurassic sea retreated westward, the Casper Arch, a 
low relief structural high, made its initial appearance. 
The late Jurassic Morrison and early Cretaceous Cloverly 
formations represented deposition in fluvial environments, as 
evidenced by the fine-grained paludal sediments and the len-
ticular channel sands. Wind-blown ash, derived from the 
Cordilleran island arcs, accumulated throughout the area, 
resulting in the bentonitic admixture of the sediments. 
A renewed early Cretaceous transgression from the north-
east led to the tidal flat deposition of the Sykes Mountain 
Formation and the deeper water Thermopolis Shale. A struc-
tural high, situated south of the state of Kansas, separated 
the western interior of North America, preventing the advance 
of the southern sea into northwest Wyoming. A minor regres-
sion led to the unconformable nearshore deposition of the 
Muddy Sandstone. The overlying Shell Creek Shale and Mowry 
Shale marked the return to deeper wate.r sedimentation and 
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increased western volcanic activity. Tectonism to the west 
produced the northward tilting of the Bighorn Basin and the 
reoccurrence of the structural high south of present-day 
Kansas, which again restricted the migration of the southern 
sea. 
The initial development of the Bighorn Basin, as demon-
strated by the depositional pattern of the Peay Sandstone of 
the Frontier Formation, began in the late Cretaceous. Further 
tectonism in central Idaho provided an influx of sediments, 
as reflected by the Peay and Torchlight sandstones, into 
nearshore environments during several transgressive and 
regressive cycles of the shallow late Cretaceous sea. Several 
thick bentonite beds are indicative of the rapid accumUlation 
of volcanic ash from the west. With continued denudation in 
the Idaho source area, the stream declivities decreased, 
allowing for the deposition of the Cody Shale in a deeper sea. 
As the Laramide deformation intensified, numerous sea 
level fluctuations during the eastward regression of the late 
Cretaceous sea led to the deposition of the interfingering 
marine and nonmarine sediments of the Mesaverde Formation and 
the paludal sediments of the Meeteetse Formation. The sea 
had completely retreated by latest Cretaceous time, leaving 
only the fresh and brackish water environments of the Lance 
Formation. 
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The Laramide Orogeny reached its maximum intensity in 
the Paleocene, with the initiation of folding and the deposi-
tion of the Fort Union Formation in paludal and alluvial 
environments. The deformation was probably caused by the 
horizontal west-southwest compressional thrusting of the 
Cordilleran rniogeosyncline onto the stable shelf. Many of the 
asymmetric folds, such as those in the eastern Bighorn Basin, 
may have developed in direct response to the morphology of the 
Precambrian basement complex. The major fracture patterns 
were established early in the folding history, allowing for 
the forceful injection of fluidized sands into adjacent units. 
Less prominent fracture sets were possibly products of 
residual stress release by differential denudation. 
Basin development and intensified mountain uplift 
continued into the early Eocene, producing the present-day 
shape of the Bighorn Basin. This was accompanied by the 
accumulation of the nonmarine fine-grained clastic sediments 
of the Willwood Formation. Extensive volcanism in the Absaroka 
Range, along with the lacustrine deposition of the Tatman 
Formation, characterized the middle Eocene. 
After the cessation of the Laramide deformation in the 
late Eocene, Oligiocene, Miocene, and Pliocene sedimentation, 
accompanied by volcanic activity in the Absaroka Range and 
Yellowstone area, rapidly filled in the Bighorn Basin to an 
elevation of approximately 9000 feet. R.ejuvenated streams, 
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related to the late Pliocene-early Pleistocene uplift of the 
Tetons, quickly removed most of these Tertiary sediments. 
When the drainage became established, lateral erosion and 
intermittent periods of downcutting produced five distinctive 
strath terrace levels in the study area which are considered 
Pleistocene in age. Much of the present-day landscape is the 
result of recent 'ephemeral stream denudation in an arid 
climate. 
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APPENDIX: CLAST COUNTS 
Location 
Stre.am Fraction Sec.. .T. R. 
Big Horn River NE~ 
(100 foot level) 
Big Horn River NE~ 
(10 foot level) 
Big Horn River NW~ 
(300 foot level) 
Shell Creek SW~ 
(160 foot level) 
Shell Creek NE~ 
(40 foot level) 
31 
13 
25 
2 
2 
53N 93W carbonate 
andesite 
granite 
miscellaneous 
53N 93W carbonate 
andesite 
quartzite 
granite 
miscellaneous 
53N 94W carbonate 
andesite 
granite 
quartzite 
miscellaneous 
52N 93W carbonate 
chert 
sandstone 
granit~ 
miscellaneous 
52N 93W carbonate 
chert 
granite 
sandstone , 
miscellaneous 
Percent 
46 
36 
15 
3 
100 
45 
20 
18 
15 
2 
100 
36 
50 
8 
4 
2 
100 
70 
15 
7. 
5 
3 
100 
72 
12 
8 
5 
3 
100 
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Location 
Stream Fraction Sec. T. R. Lithology 
Greybull River NW~ 
(210 foot level) 
Dry Bear Creek SE~ 
(100 foot level) 
Dry Bear Creek NW~ 
(80 foot level) 
Bear Creek SW~ 
(40 foot level) 
Bear Creek N~ 
(80 foot level) 
2 
28 
34 
33 
2 
52N 94W andesite 
quartzite 
chert 
miscellaneous 
54N 93W carbonate 
chert 
sandstone 
granite 
miscellaneous 
54N 93W carbonate 
sandstone 
chert 
54N 93W carbonate 
granite 
chert 
miscellaneous 
53N 93W carbonate 
granite 
chert 
miscellaneous 
Percent 
78 
13 
8 
1 
100 
80 
10 
4 
3 
3 
100 
93 
4 
3 
100 
68 
16 
14 
2 
100 
73 
15 
9 
3 
100 
